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A T H E S I S
ON THE
AUTOIIATIC REOTLATION OI' AI.TERUATORS AM) ALTEPmATING
CURRENT CIRCUITS,
BY
L. G U T M A N N .
This thesis relates to the regulation of alternating current
generators and its circuits, and more particularly' to their compen-
sation, when reactionary or phase displaced currents, caused "by in-
ductive consumption devices, are developed in the circuits.
It embodies in chronological order the most important regulat-
ors ,7/ith the United States patent references a^ttached as an appen-
dix, and further a novel way of accomplishing the desired result "by
means of inexpensive devices consuming but little power.
o
REGULATION OF ALTERNATING CURRENT GENERATORS AND
CIRCUITS.
The regulation of alternators and alternating current circuits
involves very different problems from those of direct current
dynamos and circuits. The different problems are caused "by the
different effects produced by the dynamo current on the translating
devices. In direct current work the terminal pressure is, for most
circuits, constant and the current for each translating device
reaches normal condition very shortlj'' after the device has been in-
cluded in the circuit. The same also holds with motors whose
counter electro-motive force becomes a fixed amount when the load
becomes constant. Only during fluctuations of load or speed is
there a temporary surging, which rapidly disappears. It was there-
fore not a very difficult task to compensate or compound a direct
current dynamo, after the nature of electro dynamic action was
properly understood. The generator field is provided with an ad-
ditional winding through which the main line current circulates,
so that any fall in potential which may be caused by the armature
drop is balanced by or even over-balanced by the increased field
excitation, which in turn permits the armature to rotate in a
stronger field and thereby reestablishes the standard terminal
pressure in spite of increased load and armature losses.
A similar method of compensation v^as adopted in the early days
of alternating current electric lighting. Sellon & Mordey proposed
an automatic compensation in 1887 by "composite wound" exciters.
(See patent #373859 Nov. 29, 1887) in which a part of the alternat-
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ing line current is rectified and used to increase the exciter
field excitation. In America the Composite vdnding has early "been
applied to the field magnets of Alternators.
In the early days of alternating current lighting without
transformers the load consisted exclusively of incandescent lamps
which produced no reaction upon the circuit or generator. The mom-
ent, however, that translating devices were inserted into the cir-
cuit v/hich contained iron, our trouble began.
The reason is that all the energy sent out by the source is not
at once consumed, but a portion is stored in the translating devices
and this stored energy is periodically returned to the line during
each alternation or impulse of the current, thereby causing very
annoying reactions on the system of distribution. After consider-
able experimenting it was established beyond all doubt that the
values of the alternating electro-motive force and current do not
coincide in points of maximum, minimum and zero values, as must be
the case v/hen there is no storage of energy outside the generator.
The energy stored appears as a current out of phase and causes the
dynamo pressure to drop 10^ and even 20^.
The nature of this trouble will be expla,ined briefly below.
In an alternating current the instantaneous value of cur-
rent i. is equal to the maximum value multiplied by the sine of an-
gular position.
i s lo sine 2 TT n t
where t = time, n =, revolutions per second or
i = I sine ay t . '
t

Thfs may Tdc shovm in Figure 1 (see drawings attached) where the
abscissa represents time or arc of the angle and the ordinates
#
denote instantaneous values of current i.
If a sine wave of alternating current passes through a circuit
having an ohmic resistance £ and an inductance L the magnetic flux
produced \>y the current varies approximately as a sine wave similar
to that of the current, provided that the load is very little in-
ductive. The wave is considerably distorted, however, if much iron
is interlinked with the circuit. To approximate the true values
and effects it is customary to substitute for the irregular wave a
sine wave, which will exert the same effect. The flux produced by
the current interlinks with the circuit, and produces a self-induc-
ed electro motive force. This electro motive force is proportional
to the rate of change of current and to the inductance of the cir-
cuit. An electro motive force has its maximum value at the time of
greatest rate of change of the lines of force producing it. This
takes place when the current passes through zero value. On the
other hand this electro motive force is a minimum or zero at the
moment when the lines of force change the least or not at all. Thi
is the condition when i_ passes through maximum or minimum value.
Furthermore this electro motive force is + when the circuit current
is decreasing, and - v/hen the line current is rising. This is in
# FOOT NOTE:
Small letters indicate instantaneous values and capital
letters effective values of current or pressures.

accordance with Lenz* law, the law of conservation of energy. It
is evident that the induced electro motive force is a wave, which
follows the current wave in time, and lags a q.uarter period; heing
zero when the other wave is maximum and vice versa. This is the
Counter electro motive force of self-induction and is the factor
causing the troubles and irregularities in the alternating current
circuits
,
di
The EMFj; — LcTTs — <a;L I cosuy t s — 2 n L I cos .27tnt.
In this expression 2 n L is the reactance of the circuit and may
"be denoted by x. Therefore we may write eg or- electro motive force
of self-induction s — X I cos 2?t nt. The reactance of self-
induction consumes no energy. As shown in vector analysis the
electro motive force that urges a current over a circuit may be di-
vided into two components at right angles to one another (See Pig.B
of drawings). Let the horizontal vector" e^be equal to that electro
motive force required to overcome the ohmic resistance of the cir-
cuit. It constitutes the total energy component of the electro
motive force. It has been shown before that the other vector com-
ponent L I cos ay t the electro motive force required to overcome
reactance is practically 90 out of phase. If we neglect the losses
due to hysteresis we may plot e at right angles to e, and the
X ^
equation is e = e e added vectorially. It is well known from
z r X
ohms law that I x R s E also that the heat generated in the conduct-
or due to the passage of the current is equal to energy lost - i^r
watts of energy. The vertical component Cj^does not consume energy.
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This counter electro motive force varies as stated with the
current and the interlinkages of the flux. It is therefor© evident
that the more direct the current is used for heating or dissipating
energy or transforming it by heat into light, the less will "be the
self-induction and the greater will "be vector e with respect to e
and the greater the amount is, that is used for the purpose of pro-
ducing a magnetic fliox the greater will he the self-induction and
e^ grows as compared with
If we now consider a current urged under a given pressure on
non-inductive circuits we ohtain the Figure 3 where i is the current
curve, _e the electro motive force and w the power curve, whose ordi-
nates are instantaneous values of e , i and w. Both pressure and I
current waves reach their maximum at the same instant and similarly
their zero and minimum values. The power wave corresponding lias
its maximum and zero corresponding to the respective characteristic
points of the e and i v;aves.This condition is entirely altered
when self-induction causes a time displacement between a current
and the electro motive force that urges i_ along the circuit.
If we remember that e_ x i_ s w, or watts, it is evident that
if either e or i becomes Zero that w, their product, is also zero.
Therefore if the current & the pressure waves do not coincide they
cannot reach zero at the same instant, there is then a zero value
of current i^ and a zero value of e_ in each cycle and consequently
there must be two zero values in the pov/er wave or in other words
the pov/er wave has double the frequency of either the i^ or _e curve.
This is shown in Figure 4. At a, b, c, d, e, etc. the power curve
is zero and no v/ork is done upon the circuit at those moments. The
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part above the reference axis shows positive work expended, v/hile
the parts below this line represent an additional amount of work
sent out by the generator, not usefully absorbed by the devices but
returned to the line. The amount sent out and not absorbed depends
on the time difference of the current and pressure waves or their
angle of lag. The useful work is readily obtained from the diagram
Fig. 5.
If e_ is the electro motive force and current i_ is displaced
in time the projection of i_ on _e indicates the equivalent amount,
that is in phase with e and therefore^ the true watts are s Ex I cos
e,where 6 is the angle between the current and the pressure which
urges it. From this it follows that the smaller the angle d the
more nearly is the total energy generated absorbed or consumed by
the circuit.
The periodic return of energy into the circuit may be repre-
sented in a mechanical way by the steam engine in v/hich the piston
and cylinder is equivalent to the generator and the flywheel is the
equivalent of the circuit. \'?henever the stored electrical energy
in the circuit becomes greater than that of the generator (at or
near the zero value of current and pressure) this energy pulsates
through the circuit and causes the generator to act as a motor. In
the engine the piston speed is the slowest at or near the dead
centers and it is well known that the kinetic energy of the fly
wheel during this period forces the piston to travel at a higher
rate of speed than it naturally would. This may be readily observ-
ed by loosening the connecting rod so as to give it some play. The

eye can readily olDserve the different velocity of travel of fly
wheel and connecting rod when the engine is turning over slowly and
the ear can detect it at higher speed from the periodic thLunp.
Pirst the piston has the higher speed, then the fly wheel. When
steam is admitted into the cylinder and v/hen the steam has fully
expanded and the piston reaches the end of the stroke we hear a
thump caused hy the fly wheel v/hich, due to inertia, has acquired
a certain velocity which is greater than that of the piston towards
the end of the stroke and hence the fly wheel restores energy to
the piston rod twice through every cycle or revolution.
Momentum in electrical circuits is represented "by inductive
or magnetic effect, and never appeare in a non-inductive circuit.
It "became therefore evident that the regulation to be correct must
not only "be for voltage drop due to ohmic resistance, but mainly to
counteract the effects of these phase displaced currents or at
least compensate for the voltage drop caused "by them.
The first to realize this was Dolivo Dobrowolsky
,
v/ho, in
1892 (See U.S. Patent #549449, Nov. 5, 1895) regulated the field
excitation of his alternator by including a motive device suscept-
ible to phase displaced currents into the main or distribution cir-
cuit and caused it, by its deflections from zero position, to cut in
or out some non-inductive resistance into and from the alternator
exciting circuit. A copy of the patent is attached to this thesis.
The method v/hile effective was v/asteful, and the regulator was actu-
ated and caused circuit modification by the changes it produced
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itself and thereby was kept in constant motion.
The next attempt at regulation was made Toy Moody (see U.S.
patent 537541 of April 16, 1895). To obtain some regulation tv;o ex-
citers were used. One which energised the field magnet of the al-
ternator had its own field separately excited "by the second exciter
which latter had a portion of its own field v/indings periodically
short circuited hy an electro magnetic repulsion magnet whose pri-
mary coil T/as included in the main circuit. (A copy of this patent
is hereto attached). Like the former method the regulator hunts.
In a later patent #560735 May 26, 1896,Mr. Moody uses for the regu-
lator the Mordey exciter v/ith a compounding derived from the main
circuit with the difference that he applies a second exciter, which
furnishes the shunt exciting current for the main exciter. The ob-
ject is to obtain compounding or overcompounding of the alternator
as the load increases, v/ithout destroying the self-regulating qual-
ities of the shunt exciter v/hich could not be had v^ith a single ex-
citer. (IJote a copy of this patent is attached to files).
This method did not prove satisfactory and another mode was
suggested by Mr, Rice (See patent 595412 Dec. 14, 1897 attsiched to
this thesis). In this case an attempt is made to overcome armature
reaction and maintain constant voltage on the line by operating the
exciter synchronously with the alternator and securing the rise or
fall in exciter voltage by sending the line current through the ex-
citer armature by means of an interposed transformer. Although
this method produces perfect regulation the exciter especially when
direct connected became so large and expensive that it became com-
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mercially impracticalDle , The exciter was virtually a rotary con-
verter of much larger size than the ordinary exciter would have
heen.
Hutin & Leblanc, the well knov/n French electricians, use pract -
ically the same method as Mr. Rice. (See Pat. 653088, July 3, 1900).
Their exciter is a three phase converter which has two separate
poly-phase field magnet structures each requiring a separate three
phase transformer. The regulation is perfect; requires, however,
large, expensive and complicated devices for its attainment.
Next in chronological order comes a method of Steinmetz (See
Pat, 678^289, July 9, 1901) for compounding alternators T/hich is a
comhination of Hutin & Leblanc*s and Moody's. Steinmetz uses two
exciters, one of which is a three phase converter whose direct cur-
rent side receives current from, the first exciter and whose alter-
nating current side receives current direct from the line. This
latter machine rotates synchronously with the alternator and needs
3 single phase or one 3 phase transformers to transform the line
current for the rotary. Although so far as regulation is concerned
this arrangement lea.ves nothing to he desired, from a com-
mercial standpoint , regulation is hought at too great an expense.
With exception of DoTorowolsky & Hutin & Lehlanc all the meth-
ods were developed in the shops of the G. E. Co. I
Edwards, a.lso of the G. E. Co. produces perfect regulation hy
a similar method to that of Steinmetz. He substitutes a 3 phuse
induction motor for the converter and uses one or even tv^o exciters
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tiesides the customary 3 transformers. See pat, 680236, Aug. 13,
1901.
Mr. Steinmetz has suggested further modifications for instance
that shown in Pat. #717298 which is based on the Rice patent de-
scribed above, but it seems that after a fair trial these methods
have all been adandoned and a nsYT regulator has of late been put on
the market by the General Electric Co., which approaches more the
idea of a regulator from the view point taken by myself, namely;
that the regulation should be mainly accomplished by switch-board
devices
.
The regulator consists of a differential alternating current
electromagnet having one of its coils virtually in series v;ith the
line and the other across the circuit. This electro magnet con-
trols a circuit of a polarized relais whose armature has the func-
tion to short circuit the shunt rheostat which is in series with
the shunt field of the exciter. Another electro magnet is adapted
to break this short circuit and re-introduce the resistance into
the exciter field circuit by this means the field excitation of the
exciter is constantly varied and an average is produced which seems
to yield good results. A copy of the circular issued by the Gener-
al Electric Co. containing the diagram connections of this regulat-
or is hereto attached.
It occurred to me some time ago that it should be possible to
obtain proper regulation by means of sv/itch board devices which,
by mesLns of suitable cable connections, could be placed in communi-

cation with the devices to "be controlled involving but a small ex-
penditure of energy and money,
A solution of the problem of automatic regulation of alternat-
ors and circuits should attain and cover as many of the following
conditions as possible:
(a) low first cost. (b) Automatic regulation at svvitch board,
(c) voltage and phase regulation, (d) compensation dead beat,
(e) regulator non-susceptible to change caused by itself.
Below will be given a novel method of obtaining constant po- I
tential at the generator terminals or constant potential s.t any de-
i'
sired point on the line.
|
The purpose of the present device is to maintain a practically
constant terminal pressure, regardless of the nature of the reaction
on the generator of the translating devices connected to the dis-
tribution circuit. This is accomplished by automatically re-ad-
justing the pressure when changed from normal, raising it to nonnal,
if due to lagging currents the voltage drops, or lowering it, if
due to leading currents or ca-pacity effects the voltage rises above
normal. A further purpose of the device consists in over-compensat-
ing or overcompounding the alternator to overcome the reaction due
to the self-induction or capacity of the line.
This is accomplished by varying the field ampere turns of the
exciter, in such a manner that its armature current supplies such
an excitation to the field magnet of the alternator, that the field
magnet of the latter furnishes the required flux for its armature
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conductors at normal speed, in spite of the armature reaction, to
produce the nomal effective pressure at its terminals.
The nature of the arrangement will be understood hy referring
to the description in connection with the drawings, in v/hich Figure
6 shows the organization in diagram, Figure 7 shows a novel form
of controlling solenoid. Figure 8 shows a preferred form of trans-
fomer. Figs. 9 and 10 are modified controllers over that shown in
Figure 6, Figure 11 shows in diagram the application of the modifi-
cation to an alternator instead of to the exciter. Fig. 12 shows a
motor susceptible to phase displaced currents. In Fig. 6 the arma-
ture^ a of the alternator is connected to the main line h h supply-
ing current to translating devices c_, inductive as well as non-
inductive or possessing capacity; d is the alternator field ener-
gizing v;inding, Virhich is connected v/ith a specially constructed ex-
citer. The shunt field coils f of the latter contain in its cir-
cuit the rheostat ^. Additional coils h are provided on the magnet
core of the exciter. These may constitute an additional shunt
winding or else a series winding. This winding h is itself wound
in a single coil, "but connected so that a certain number of pre-
determined turns will magnetize the field magnet in the same direc-
tion as the shunt winding, and the remaining turns in the opposite
direction. Depending on the predominance of the reaction due to
lagging or leading currents of the line and their relative values,
the compensating turns and relative number are determined. For
convenience, it may be assumed that the winding h is a series wind-
ing and carries the total armature current. The vending is sub-
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divided and each sub-division provided with a contact terminal i^^k
is any suitaTole motor} for instance, a series motor- which may he of
small capacity, and which is connected to the main line h through
the transformer 1^ , or may be connected directly to the line, as in-
dicated "by dotted lines. This motor operates a centrifugal governor
m which carries the movable contact arm n over the terminals i_.
Let £ be the terminal to which the exciter brush £ is connected,
and the series coils be so v/ound that the magnetic flux of the part
below 0^ will assist the shunt winding by strengthening the magnets
of the exciter, and the portion above contact £ produces, when in-
cluded in the circuit, a flux opposed to that of the shunt winding,
thereby weakening the magnet excitation. The external circuit of
the exciter when n makes contact with £, will be as follows: The
current travels over brush £, contact o_, traveling arm n, series
rheostat £, exciting spool d of alternator, and brush £ back to the
armature. In this position no series v;inding is in the circuit,
and the exciter works v^ith the shunt alone. This is the condition
for normal voltage on non-inductive loads. The motor k runs at its
normal speed, and due to the extended governor balls hold n in con-
tact with £. If now due to inductive load the line voltage drops,
the speed of the motor v^ill fall, the governor balls will close
somewhat, and arm n contacts with the terminals below £, introduc-
ing a number of series turns, thereby increasing the ampere turns
of excitation on the field magnet, which in turn raise the voltage
at the brushes of the exciter. The increased pressure causes a
heavier current to flow round the alternator field v/inding d,
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thereby presenting to the alternator armature a heavier flux, which
induces an increased voltage at the alternator.
To prevent the motor from see-sawing back and forth, due to
the moving contact n, a differential electro-magnet v (See Pig. 7)
of peculiar design, is placed also in contact with arm n. v is an
electro-magnet consisting of coils superimposed upon one another,
having one of their terminals joined and the others open, "but so ar-
ranged that the descending arm n will place them in parallel.
The middle terminal is connected to terminal £ and if now arm n is
cutting in more compensating turns on the field, it places more
coils of solenoid v in parallel to these series turns, and the more
of these coils are placed in parallel the lower is their resistance,
and the heavier "becomes the current flowing through them with the
increase of ampere turns of coils h. The magnet core w of this
solenoid v is connected with an arm x, making contact with sub-
divisions of the transformer 1^ whose secondary supplies motor k.
The calibration of the solenoid is so adjusted, that the pull of
magnet v changes the secondary turns in circuit with the motor, so
as to maintain the same voltage as was produced by the armature re-
action on the circuit. For instance, before the reaction of the
alternator armature the line voltage was say, 1000; that of the
secondary of 1^, 100. Due to inductive load the line voltage drops
to say 900 that at the secondary to 90 volts. The ampere turns cut
in at the field at h, exert a pull by the shunted current in sole-
|i
noid V as to reduce the transformer ratio, so that at normal press-
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ure the secondary would show hut 90 volts, and although the current
in the line is raised again to 1000 volts by means of the compen-
sating winding h, the motor maintains the lower speed, until due
to the change in the line currents and armature reaction, the volt-
age rises or falls. If it falls, more series turns are added to
the excitation and more coils are placed in parallel in solenoid v
to reduce the terminal voltage of the motor. If the line voltage
rises, the motor speed increases, arm n reduces the exciter excita-
tion and increases the voltage on the regulating motor k. If ca-
pacity or currents leading with respect to the currents of the al-
ternator are on the line, the pressure would rise above normal, the
molror speed would rise and arm n with it. It will make contact
above £ with turns tending to demagnetize the field. This causes
a weakening of the exciter field magnet, a reduction of pressure at
the brushes, weaker excitation of coil jd on the alternator, and a
reduction at the alternator terminals, until again the normal ef-
fective pressure is reached. The core in magnet v is attracted up-
wards, coils are placed in parallel and the ^condary voltage is
held high as long as demagnetizing currents are required.
It is desirable to be able to overcompound the system, or to
compensate not only for the reaction of the consumption devices,
but also for the self-induction or capacity of the line, especially
in installations where currents of large volume are transmitted.
For this reason I prefer to use in connection with motor k a .trans-
former 1_ (See Pig. 8) whose ratio of primary and secondary turns
may be varied and adjusted for each particular case. Por a line
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having itself considera'ole self-induction, the transformer should
"be adjusted for a potential so much a^bove normal, that the line re-
action at full load is taken care of "by the altered excitation of
the exciter. If leading currents predominate on the line, the
pressure furnished to the motor should "be "below normal and the in-
termediate variations due to reactions on the line, are taken care
of "by the relative position of arm n and the introduction of a
variable number of ampere turns.
It is essential that the governor should respond quickly to
variations of lagging and leading current influences, and any non-
synchronous motor may "be used that is designed to be readily effect-
ed by the slightest change in the line pressure or phase displaced
currents. It may be mentioned here that the diagram refers to a
single phase system of the distribution, and that v;hen speaking of
"currents displaced in phase" or "lagging" or "leading" currents,
throughout this description, the v/attless components of the cur-
rents, the currents out of phase with their impressed electro-
motive force are referred to. However, this same mode of compensa-
tion, although shovm in connection v/ith a single phase circuit and
alternator, may be applied to polyphase circuits and generators.
The arrangement may be modified and greatly simplified in many
ways, for instance; the motor and centrifugal regulator maybe re-
placed by a simple electro-magnet r, actuating the arm n (see Eig.
9) or the core s of that electro-magnet may be substituted by anoth-
er solenoid t_ (see Pig, 10) or again the motor may be of the split
phase type, (See Pig, 12 )having one of its energizing vdndings in
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series with the line, the other in shunt to the same, and its arma-
ture "being actuated "by the difference in phase betv/een the tv/o cur-
rents in the tv/o circuits.
Further, instead of making the exciter a compound vround machine
and the exciting winding d of the alternator of sufficient section
to safely carry the maximum exciting current, the matter may be re-
versed. The exciter may he built as a plain shunt machine of ample
capacity, and the compound v/inding applied to the alternator, as
shown in Pig. 11. In this case winding u may be connected in par-
allel to d or in any other suitable v/ay. The winding u with con-
tact terminals i_ is adapted to furnish additional sjnpere turns de-
pending on the position of contact n, which, according to require-
ments will assist the v/inding d^ or oppose it.
The additiona,l ampere turns required for the alternator may
readily be predetermined, similarly the pressure variation at dif-
ferent power factors. It is therefore evident that the sub-division
of the ^findings h or u, as also the variations of transformer ratios
can readily be predetermined by methods well understood in the art,
and the only device requiring experimental determination is the
solenoid v, whose dimensions are influenced by the distance to be
traveled by arm x and core w, to make contact betv/een extreme con-
tacts ^.
r
It may also be mentioned conveniently at this place that v/hile
a variable ratio transformer is shovm, the same may be substituted
by an electro-magnet in series with the motor, which mode of volt-
age-control is well knovm ajid understood in the art.
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The additional excitation may be obtained from a second excit-
er, as is readily understood, a,nd need not be referred to or shown
in the drawings,
A single and ooumion arm n_ is shown to make contact v/ith the
teminals of coils h and electro-magnet v. It will be readily un-
derstood that each may be provided with its own contact arm, and if
necessary may be made to travel not at the same rate of speed or
through the same distance.
Lastly, so far I have described the method of automatic regu-
lation for constant potential only in connection w^ith the exciter
of Pigure 6 and the alternators Pigs. 6 and 11. It is, of course,
well knovm in the art that a similar alternator ajid exciter may be
used in connection v/ith the distributing system as a synchronous
motor, which may send into the line leading phase currents to exact-
ly counter-balance those lagging currents sent into the line by the
translating devices, or else send lagging currents into it, if the
predominating wattless currents are leading. In such case the same
mode of variable excitation of the synchronous motor may be used, as
described above. If the motor k be one directly susceptible to the
I'
currents in phase v/ith their electro-motive force, and those which
are out of phase therewith, the motor or motive device k may change
its direction of motion. In this case the contacts i_ are preferably
arranged in a horizontal plane instead of a vertical, 8.8 shovm in
Pig. 12. However, the current in the shunt windings should have an
angle of lag behind that of the series winding of either zero de-
o
gree or else 180 as is well understood by those versed in the art.
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The application of this same regulation therefore provides means
for maintaining a constant power factor on the line for instance
unit pov/er factor. This condition v/ill also produce constant press-
ure- on the line
.
Figure 12, which has been referred to incidentally, may "be ex-
plained more in detail. It shows a diagramatic sketch of an in-
ductive device susceptible to phase displaced currents. Coil 1
may form part of the main circuit, carrying either- the full line
current or a fixed proportional part v^hile the shunt coil 2 may re-
ceive its current either directly from the line or else preferably
from a small transformer as described above. Neither coil contains
iron and therefore v/ith non-inductive load they are practically of
the same phase. In this case no turning moment will be exerted on
the armature. This is the condition virhen the power- factor of the
circuit is unity. The arm n hangs vertically dov/nward. If for any
cause phase displaced currents pass over the line, coils 1 and 2
will differ in phase and produce^ a turning moment on the disc 3,
which in turning moves the contact lever over some of the contacts
i_ thereby including a number of field series turns on the exciter,
in the same manner as described in Pigure 6, The actuation of the
solenoid V (which is omitted in this sketch) is done in the same
manner as described above.
Figure 12 is a diagram only and indicates the nature of the de-
vice. The armature need not be a disc but is by preference a
symetrically wound armature having its v/inding in circuit with
either coil #1 or #2. For obvious reasons the latter is preferable.
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It has only to sv/ing through a fraction of a circle and therefore
the armature coil connections may Tdc made permanent with those of
tiie shunt winding, "brushes are therefore entirely avoided.
Evidently, other forms of motive devices may be used, for in-
stance, a non-synchronous motor or converter of l/s to l/4 horse
power v/hich rotates at a variable speed and actuates a gearing
mechanism which shifts the contact forward or backward as the cir-
cuit requires
.
Although this control is shown on a single phase circuit it is
obvious that for three phase the same mode may be adopted. The
motive device may be an l/s horse power converter for 3 phase whose
amature windings may carry a tenth of the line current, the rest
passing over a shunt placed in parallel with this v/inding.
To insure proper regulation the exciter field must be excited
to such an extent that the magnetization of the iron is about at
the bend of the saturation curve or above it. If the compensation
required by a generator is such that a much greater exciter is re-
quired, trouble vdll arise with the larger exciter to regulate for
light loads, this is due to the small shunt current required and the
instability of the shunt field. To avoid this difficulty I subject
the armature of the smaller exciter to two field magnets, first to
its standard shunt field, secondly to a second field structure
carrying the compensating series turns.
In conclusion it may be said that an exciter of ordinary con-
struction or one v/ith a compound winding as above described is fully
capable of supplying the exciting current for the alternator for

all commercial power factors. If the standard shunt exciter is pre-
ferred to the compound wound one, it must "be of somev;hat larger
capacity then if the compound exciter is used and the regulation
caused "by the variable contacts i_ is nov/ done on a non-inductive
resistance placed in series with the alternator exciting v;inding,
thereby varying the ohmic resistance of the exciter circuit, while
the exciter pressure and its own excitation may remain constant.
-
The regulating devices may all be mounted on a single panel and be
connected to the exciter many yards distant by means of a suitable
cable carried under the floor, and the centrifugal regulator which
v/as primarily introduced for the purpose of explaining the movement
of the contact arm becomes a superfluous device and is omitted.
The regulator panel contains, therefore, a main circuit sole-
noid (Mg. 10 or else instead motor Pig, 12), a variable ratio
transformer, a controlling solenoid, a movable contact arm and con-
tacts connected by cable to corresponding terminals on an exciter
winding or- a resistance.
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To all whom it may concern:
Be it known that we, Robert Percy Sel-
LON, electrical engineer, and William Mor-
ris MoRDEY, electrician, subjects of the Queen
5 of Great Britain and Ireland, and residing at
Yictoria Works, Belvedere Road, inthecounty
of Surrey, England, have jointly invented cer-
tain new and useful Improvements in Means
for Automatically Regulating Electric Gener-
10 ators, (for which we and Charles E. Webber
have applied for a patent in Great Britain on
the 18th of December, 1886, No. 1G,G62,) of
which the following is a specification.
This invention has reference, mainly, to al-
15 ternate current electric generators, and is for
improved means of obtaining self-regulation
of the current or electi o-motiv^e force. It is
in part applicable to continuous current gen-
erators.
20 Figures 1 to 6 of the accompanying draw-
ings illustrate diagrammatically various ways
in which we may carry out our invention, as
hereinafter described and explained.
In all the figures similar parts are as far as
25 possible indicated by similar letters of refer-
ence.
In Fig. 1, C is the commutator or collector,
and F the field magnet or magnets of a con-
tinuous-current dynamo supj)lying the mains
30 M M, in one of which we usually place a re-
sistance, E. The fields F are excited by a cur-
rent generated by a separate dynamo, of which
C is the commutator or collector, and / the
field magnet or magnets. This sei^arate ex-
35 citer may be either a shunt, corai^ound, or se-
ries-wound machine. In Fig. 1 it is shown as
a shunt machine so far as its own current is
concerned, a' a' being the shunt-circuit. Its
brushes are connected directly to the termi-
40 nals a a of the exciting-coil on F.
In addition to the shunt-coil a' a', the field
/ is provided with a coil or winding, b b, whicli
is connected directly to the terminals of the
resistance E or across a portion of one of the
45 main conductors M M, corresponding to E.
Thus the coil b' b' forms a portion of the main
circuit supplied by the machine of which C is
the commutator, and thus by an exceedingly
small expenditure of energy the field / of the
50 separate exciter is controlled by the current
flowing through the mains M M, and in turn
the larger field, F, and the current or electro-
motive force is regulated by augmentation or
diminution of the exciting-current in the coil
a a. In the constant electro-motive-force sys- 55
tems the current in the coil or winding b b is
made to assist or strengthen the magnetization
of/. In the case of working with constant
current the coil b b opposes or weakens the ef-
fect produced by the coil a' a'. 60
When the current which is or may be re-
quired to be provided by the main dynamo-
machine is not very large, we dispense with
the resistance E and place the coil b b directly
in the external circuit of the main dynamo- 65
machine. For the following reasons, however,
we prefer in most instances to retain the re-
sistance E: first, because by this cur improved
method of regulation we require only a very
small magnetizing elTect on the field-magnets 70
/in order to obtain even a considerable regu-
lating effect on the large field magnet or
magnets F, and this effect on / is not conven-
iently obtained by the use of the whole of the
current supplied by the main dynamo; second, 75
by the use of the resistance E (which may be
so small that the loss in it may be ignored)
we are enabled readily to secure the amount
of regulation or correction which the circum-
stances of the case may require, either as re- 80
gards electro-motive force, current, or speed.
In applying this improvement to separate
exciters, which are series or compound wound,
the main current or the jjortion of the main
current shunted from R may pass through a 85
separate coil or winding on/, as at b b, Fig.
1, or may be connected to a part or the whole
of the ordinary winding, as may be readily
understood.
This improved method of obtaining self- 90
regulation of a separately-excited dynamo is
applied by us to alternate-current machines
by using a somewhat similar arrangement to
that described with reference to Fig. 1, but
with the addition of a commutator, as shown 95
in Fig. 2, where F is the field magnet or mag-
nets, A' the armature, and A the collector, of
an alternate-current machine, of which M M
are the main external conductors, in one of
which a resistance, R, is placed. The field- 100
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magnet F, -which is wound with a coil or coils,
a a, is magnetized by a separate exciter, of
which/ is the field magnet or magnets having
a shunt (or it may be a series or compound)
5 winding, a' a', and a regulating-coil, 6 b. From
the terminals of the resistance E a shunt is
taken, the current so obtained being commu-
tated or made continuous in direction by the
commutator C, placed on the shaft of the main
10 machine F A' A. Brushes rest on 0, from
which the commutated current is conducted
to the winding h h; or, instead of obtaining
the current for the correcting-coil by shunt-
ing it from a portion of the mains, as in Fig.
15 2, we may make use of the arrangement shown
in Fig. 3. A transformer, of which the pri-
mary^ is in the main circuit, has its second-
ary s connected with a commutator, C, placed
on the shaft of the machine, the current from s
20 being thereby commutated and passed through
b b; or we may employ the improved method
shown in Fig. 4, according to which the ini-
tial excitation of the alternate current gener-
ator is obtained from the separate exciter, the
25 initial field of which is obtained from the sec-
ondary circuit s of a transformer, the primary
p of which transformer is a shunt on the mains
or terminals.
The alternate-current machine, as before, is
30 shown, F indicating the field-magnet, A' the
armature, and A the collector.
M M are the mains, in one of which is placed
a resistance, E.
The separate exciter by its commutator or
35 collector C' and brushes is connected directly
to the coil or winding a a on the field magnet
or magnets F.
A transformer is used to supply the initial
excitation to/. TJie primary jj is connected to
40 the mains M M, and the secondary s is con-
nected to a commutator, C", (placed on the
same shaft as A,) and thence to the coil a' a'
on the field /of the sei)arate exciter.
The correcting or regulating coil b b is
45 supplied by current from the main, as in
Fig. 2.
In the arrangement Fig. 5 the whole exci-
tation of F may be derivecl from the separate
exciter, tlie field-magnets/ of which arc mag-
50 ncti/ed by the commutated current from the
secondary .s of a transformer, the ])rimary of
this transformer, being composed ]>artly
of a shunt, ;/, on tlie mains or terminals and
partly of a conductor, p, placed in the main
55 circuit; or tlie field-magnets / of tlie exciter
may be magmtti/ed, as shown in Fig. (5, di-
rectly from the alteinate curnMit g(;nerator F
A' A, the initial excitation in the coil a a be-
ing obtained by a Hhunt from the mains or
fx) terminals by way of the commutator (J", and
tlie collecting excitation in coil b b by a
hhuiit by way of tin; eomiiiutator () from a
portion of the mains M ,M or from a resist-
ance, li, ])laced ill the iiiaiiiH in the iiiaiinei'
G") liereiiibefVjr*! dcsci ihed.
Ill using tlie current shunted from the ends
of the resistunce in the main the commntutor
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is arranged as in ordinary commutation of
alternate currents, and is not a collector to
merely direct into themagnetizing-circuitthe 70
alternate pulsations of currents which are
already of one direction.
Instead of shunting a fraction of the main
current from a j)ortion of the main conductor
or from a resistance placed in the main con- 75
ductor for the purpose indicated,we may com-
mutate the whole current, but prefer, for the
reasons hereinbefore given, only to take a por-
tion of it shunted from the main conductor in
the manner described. 80
The commutator C is shown in its simplest
form as consisting of two contact-pieces only;
but it will be understood that the number of
contact-pieces depends on the number of al-
ternations of current occurring during each 85
revolution.
In applying our invention to alternating-
current machines in which thecuri'cnt is gen-
erated in the fixed or stationary portions of
the machine the arrangement of a rubbing con- 90
tact at A is not required.
We claim as our invention
—
1. The combination, with a dynamo-elec-
tric generator and a main circuit supplied
thereby, of an exciter to the aforesaid gener- 95
ator having the excitation of its own field con-
trolled or regulated by the energy of the main
current, substantially as described.
2. The combination, with an alternate-cur-
rent dynamo electi'ic generator, of an exciter 100
to said generator having the excitation of its
own field controlled or regulated by the en-
ergy of the main current, the alternating im-
pulses obtained from the main current and
utilized for excitation being commutated be- 105
fore they are so utilized, substantially as de-
scribed.
3. The combination, with an alternate-cur-
rent dynamo-electric generator, of an exciter
to said generator, a transformer oi^erated by no
the main current and supplying energy for
exciting the field of said exciter, and a com-
mutator for cominntating the alternating im-
pulses from said transformer, substantially as
described. 115
4. Tlie combination, with an alternate-cur-
rent dynamo-electric generator, of an exciter
to said generator and means for exciting the
field of said exciter by current from said gen-
erator, said means comprising electrical con- 120
nections for receiving alternating impulses
both from the main current and from a ])ar-
allel current shunt(5d from said main current,
and commutat ors for cominntating the said im-
pulses before they are utilized for excitation, 125
substantially as descrilxul.
5. The combination, with an alternate-cur-
rent dynamo chictric generator, of an excitc^r
to said geiuii ator, having the initial excitation
of its obtaiiHid by impulses from a t ians- 130
loniHir wlios(! i»rimary circuit is a shunt on the
iii:iin eonduetoiHor terminals, 8ul)stantially as
described.
G. The combination, with an alternate-cur-
373.
rent dynamo-electric generator, of a trans-
former having two primary circuits, one con-
nected with the main circuit and the other in a
shunton the main conductors, electrical connec-
tions whereby the energy of the impulses gen-
erated in the secondary of said transformer is
utilized for the excitation of the field of said
generator, and a commutator whereby the said
impulses are commutated before they are so
utilized, substantially as described.
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In testimony whereof we have signed our
names to this specification in the presence of
two subscribing witnesses.
EGBERT PERCY SELLON.
W. M. MORDEY.
Witnesses:
Chas. Jas. Jones,
Henry Newby,
Both of 4:7 Lincoln'' s Inn Fields, London.
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To all whom ft iiiay concern:
Be if known that L ^Michael von Doliv^^-
DOBROWOLSKY, a suhject of the Eniperov of
Russia, residinfj in Bei'lin, Kingdom of Pru-s-
5 sia, German Empire, have invented a new
and useful apparatus for indicating any lag
or advance between the phase of an electric
alternating current and that of the electro-
motive force or pressure of the .safne current,"
lo (for which I have obtained patents in Great
Britain,No.23,113, bearingdate Decenil)er 15,
1892, and in Gei'manv, No. ni)J.V.i, l)earing
date April 14, 1802,) of which tlu- following
is a specification.
15 The present invention lias for its object to
provide an apparatus for indicating any l;tg
'or advance tluit may occur ])etweou the i)hase
of an electi-ie alt ei-nating current and tluitof
the electromotive force or pressure of tlic
20 same cui'rent, as also to enable this appara-
tus to automatically correct tire said differ-
ence— /. c, to re-establish coincidence be-
tween the current and the pressure phases.
This apparatus is based on the well-known
25 fact that when a metallic body is rotatably
arranged within the magnetic fields of two
coils or sets of coils set at aii angle to eacli
other, and when these coils or sets of coils
are fed with alternating currents, the said
30 metallic body will be caused to rotate. Tliis
fact in nature I have already made use of for
detecting, indicating, and measuring any dif-
ference that exists or ma}' occur between the
phases of two alternating currents having a
35 like number of alternations. The ajiparatus
I have constructed for this purpose is de-
scribed and claimed in my United States Pat-
ent No. 540,153 of May 28, 1895. I have dis-
covered that the same principle, when ap-
40 plied in a somewliat-modified form, may also
be employed for detecting, indicating, and
measuring anj- lag or advance occurring be-
tween the phase of an alternating current
and that of the electromotive force or press-
43 ure of the same current. For this purpose
it is only needed to cause a metallic body to
be acted ujion by a magnetic field created by
llie eo-operation of the full current and a
siiiall part of tlie same derived at a proper
50 point tlu ougii tlie medium of two coils or .sets '
of cv>ils arranged relatively to each other, as
set forth. As long as there is coincidence of
the current and pressure phases, the said ine-
tallic body will have no motion imparted t«
it, but Avill stand at the neiitral or zero j:>oint. 55
When, however, this coincidenc e is broken,
the metallic body will l)e caused to turn to
the rigiit or to the k-ft, according as the cur-
rent is caiised to lag relativelv to its electro-
motive force or to be in advance of the same. 60
Tire ai)paratus for indicating the said non-
coincidence may be, and preferably is, con-
structed as described in my said sj)ccitica-
tion, with tliis difference, tliatOne coil oi' set
of coils is wound with wire of such thickness 65
as to l)e capable of conducting the whole cur-
rent and is to be pla< ed in one of the mains,
wliile tlie other coil or set of coils is con-
st I'ucted witli fine wire, so that it affords a
liigh resistance, and is to be pla'*ed in a shunt 70
branched off from the two mains at points in
advance of the tran.slat ing apparatus to 1 )e fed.
'J'o re-establish tlie coincidence of the cur-
I'ent and pressure phases when altered from
any cause, the exciting current of the gen- 75
erator has to be increased or decreased, ac-
cording as there is lagging or advancing of
the current-phase, and in order to cause this
re-establishment to take place autonmtically
I make the said rotary body the.motor of the 80
handle for putting the resistance-coils into
and out of the exciting-circuit of the genera-
tor, so that the oscillations of tlie body have
the effect of producing the required increase
or decrease of the exciting-current, according 85
as the said body is caused to move to the one
or to the other side. The said non-coincidence
between the current and pressure phases is
one frequently occurring in plants where a
number of alternators work in parallel on a 90
common external circuit. By combining eacli
of the generators with a phase meter, as set
forth, I am enabled to detect and correct the
same at an early moment and to prevent
thereby the alternators from getting out of 95
step.
On the annexed sheet of drawings, Figure
1 is a diagram of a phase-meter constructed
as described in my said Patent No. 540,153
and modified as set forth; Fig. 2, a diagram 100
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illustrating the present invention as applied
to a plant in which but one alteniating-cnr-
rent generator works on the main circxiit
;
Fig.
"), a diagram showing the invention as nsed
5 with a plant in which two altei'nating-current
generators are caused to work in parallel on
tlie same main circuit, and Fig. 4 a diagi'am
showing the arrangement fov automatically
re-establishing the coincidence between the
io current and pressure phases.
In Fig. 1, S indicates the rotatably-arranged
metallic body; .s, the spindle on which the
same is mounted; a and 6, the two coils or
sets of coils surrounding the body S in being
15 set at right angles to each other; F, the spiral
spring fixed at one eiid to the sjiindle s and
at the other end to a stationary point, so as
to counteract the impulse given to the body
S through the niedium of the magnetic fields
2c created by the coils a and h Avhen fed with
current; Z, a pohiter moving with said body
S, and T a scale, these parts forming in their
combination the phase-meter P. One coil or
set of coils, as shown in^the figure the set of
25 coils a, is wound with thick wire, so that it is
•enabled to conduct the full current of the
generator with which the apparatus is to be
combined, while the other coil or set of coiLs,
according to the figure the set of coils h, is
30 constructed Avith fine wii-e, so as to afford a
considerable resistance.
As shown in the diagram Fig. 2, in which.
R is a current-translating apparatus or plant,
I I' the main ciicuit for feeding the same
35 with alternating current, D the generator
producing this current, E its exciter, E' E'^
the exciting-circuit, G the series of resist-
ance-coils for regulating the exciting-current,
H the actuating-handle for these resistance-
40 coiLs, and P tlie pha.se-meter, the coil a of the
latter is placed in or forms part of one of
the mains—for instance, the main I'—while
the coil b is placed in or forins part of a
.shunt-circuit i i', branched ofT in the points
(I iT from the mains I I'.
The current circulating through the shunt
i i', and conse(iuentIy through the coil h, has
an inten.sity which is proportional to the elec-
tromotive force or pressure e existing between
50 the points d (T , at which the shunt-circuit is
l)ranclu'd off from the main circuit. When
the njain cunent coincides in phase with its
electromot ive force f, it then nearly coincides
in jjha.se with the current ]jassing through
55 the shunt-circuit t /', and llie phase-meter
will liavc nr» motion imj»art-«'d to it, .so that
its [tointer Z stands on tlie zero-point of scale
T. When, however, according to tlie sj)ecial
nature of the current-translating apparatus
(>o It, the main current;— /. \]u\ current j)ass-
iiig fnjm the generator J> through the nuiins
\ V t<» llie Hf)paratus II— is caused to lag n^hi-
tivj'ly to th«' pressure c, or to be in advaiicf'
of the Maine, a like, difTeience will take place
65 lK'twe<'n the phase of th(' main cuiieMtand
that of the current circulating in tin; shunt-
cireiiit t t and cuuho the movable imv\ S of
the phascTmeter to oscillate to the right or to
the left, moving with it the pointer Z. The
arc or angle through which the latter is thus 7c
ca\ised to move gives the measure for the dif-
ference that has taken x^lace })elween the cur-
rent and pressure phases.
The above-described arrangement is very
useful in plants where several alternating- 75
current generators work in parallel on a com-
mon external circuit, as it permits to detect
whether each of the generators is properly
excited or not and how to correct the excite-
ment. 80
In Fig. 3 such a plant is shown in which,
for instance, two alternating-current genera-
tors, respectively D and D*, ai-e assumed to
work in parallel on a common external cir-
cuit, J J\ I r, and I* r*, respectively, being 85
the conductors establishing electrical connec-
tion between the former and the latter. Each
generator is combined with a phase-meter,
respectively P and P*, in the manner de-
scribed with reference to Fig. 2, the thick- 90
wire coils a being placed in the mains, re-
spectively 1' and I'*, and the fine-wire coils
h in the shunts, respectively ; /' and /'* ;"*,
branched off from the conductors, respect-
ively I I' and I* I'* at the points d d' . G G* 95
denote the series of resistance-coils to be i)ut
in or out of the exciting-circuits E' E^, fed with
current from the exciters, respectiveh' K and
E*, and II and II* indicate the actuating-
handles for said resistance-coils. loi
As long as the work of the generators is
"normal," the phase-meters P and P' will be-
have the same— /. e., they will depend on the
translating apparatus onl}^ Under "normal •
working" is to be understood that each gen- 10
erator receives as much power as corresponds
to the excitement of its electromagnets, so
that the woik is done without the synchro-
nizing power of the geJierators intervening.
Now experience has shown that the genera- ii'
tors easily get out of step when the excite-
ment of the same is not in proportion to the
power received. Before, however, this get-
ting out of step takes ])lace in a plant de-
vised as illustrated in Fig. 3 deMections dif- iif
fering in direction are obsei-ved on the indi-
vidual phase-meters—viz.,tho.scmetei's which
are combined with genei-ators sxd>.ject to
stronger excitement will be seen to deflect to
one side, while the meters of those genera- 120
tors which receive a weaker exciting-current
are oscillating to the other side. Thus the
different exciting-currents can be corrected
according to the iinlicat ionsof the phase-me-
ters and thereby the altei-nators prevented 125
from getting out of stej).
In order to di.spenso with constant observ-
ing of the phase-meters, t he arrangement may
he so made as to enable each meter to auto-
HHitically corr(!ct the excitement of the gen- 130
erator with wJiich it is coiribined. Such an
Hrrang<!ni(«nt is diagram mat ically r(>j)r(!S(Mil ('d
in Fig. 4. P is the |)hase-mel()r; S, th(» mov-
able part of the same; (i, the series of rc-
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si.slaiico-coils for icgiilatiug the excitini;-our-
Ti'iil, and J I Iho baiullc for actuating said
coils. As sliown, litis handle is connected
with the spindle s of the movable part S cff
5' llic phase-nieler, so as to move with the same.
1 f any sensible difference takes place between
the current and pressure phases of the gen-
eratoi', (which is oniitted from the drawings,)
the par t S, in turning to the right or to the
lo left, moves the handle with it, so as to in-
crease or to diminish the nuinber of resist-
ance-coils in the exciting-circuit E' nntil
tlie proper excitement is i-estored.
I am aware that two coils or sets of coils
t5 jylaced at an angle to each other and fed with
alternating currents liave already been com-
bined with a movable metallic body placed
within their magnetic fields for the i)urpose
of pi'oducing j'otary motion and indicating
2o aiiy ditTcrence between the phases of two
electric alternating currents, aiul I therefore
do not, broadlv, claim such an arrangement;
but
AVliat 1 claim as my invention is
—
25 1. The coinl)ination Avitli an alterna-ting
current generating machine, the mains lead-
ing from the same and current translating
apparatus connected with the said mains, of
a shunt circuit branched off from the said
50 mains, a thick wire coil or set of such coils
placed in one of the mains, a fine wire coil
or set of such coils placed in the said shunt
circuit and set at an angle to the thick wire
coil, a metallic body rotatablj' arranged in
35 the magnetic lieldsofsaidcoilsorsetsof coils,
a device for opposing a counterforce to the
I'otation of said metallic body, and means for
indicating tlie amplitude of the latter, sub-
stantially as and for the purpose specified.
40- 2. "j'he combination with an alternating
curi-ent generator, the exciting circuit for the
same, the resistance coils for regulating the
exciting current, the mains leading from the
generators, and current translating appara-
tus connected with the mains, of a shunt cir- 45
cuit branched off from the said mains, a thick
wire coil or set of such coils placed in the
said shunt circuit and set at an angle to the
thick wire coil, a metallic body rotatably ar-
ranged in the magnetic field of the said coils 50
or sets of coils, a mechanical connection be-
tween this bod}' and the handle for putting
the resistance coils into and out of the ex-
citing circuit, and a device for opposing a
counterforce to the rotation of the said me- 55
tallic body, substantially as aiid for the pur-
pose specified.
o. The combination with an alternating
cui'rent generator, the exciting circuit for the
same, the resistance coils foi- regulating the ^
exciting current, the mains leadiiig from the
generators, and current translating appara-
tus connected with the mains, of a shunt cir-
cuit branched off from the said mains, a thick
wire coil or set of such coils placed in one of 65
the mains, a fine Avire coil or set of such coils
placed in the said shunt circuit and set at an
angle to the thick wire coil, a metallic body
rotatably arrajiged in the magnetic field of
'the said coils.or sets of coils, a mechanical 70
connecti(m between tiiis body and the handle
for putting the resistance coils into and out
of the exciting circuit, a device for opposing
a counterforce to the rotation of the said me-
tallic bod}' and means for indicating the am- 7
plitude of the latter, substantially as and for
the purpose si)ecified.
In testimony Avhereof I have liereujiTO set
my hand in the presence of two subscribing
witnesses.
MICHAEL V0\ D01-IVO-1)OI51{OWOLSKY.
AVitnesses:
Anton Webek,
Karl Wilkens.
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To all whovi it may concern:
Be it known that I, Walter S. Moody, a
citizen of the United States, residing at Lynn,
county of Essex, and State of Massachusetts,
5 have invented a certain new and useful Im-
provement in Regulators for Dynamo-Elec-
tric Machines, of which the following is a speci-
fication.
My invention relates to the regulation of dy-
lo uamo-electric machines, and consists in a reg-
ulating device adapted for use with genera-
tors, especially those of the alternating type,
the object of which is to maintain the current
fed to the translating devices at a substan-
15 tially constant potential under variations of
load, or other changes in condition of opera-
tion.
My invention consists briefly in providing a
separate exciter machine for the field of the
zo main dynamo, and varying the excitation of
the field of this latter machine by means of
still another machine, the output of which is
directlj' influenced by the current flowing in
the main circuit. This latter machine is,
25 preferably, series wound and has a switch or
contact device for short-circuiting a portion
of its field coils. The said switch is operated
by a movable closed coil, so arranged as to
come under the influence of a coil in shunt to
30 the main circuit of the machine to be regu-
lated. Alternating currents passing through
the latter coil from the said main circuit tend
to repel the former coil, and such repulsion
closes the contacts of the switch and effects
35 the short-circuiting above described. If then
the said shunt coil be properly adjusted to act
on the closed coil when the line potential rises
above the normal, the operation of the switch
under the influence of the said coils cuts down
40 the field strength of the second exciter, and
through it that of the first exciter, which in
turn lessens the field strength of the main dy-
namo and the line potential. A retractile
spring acts on the switch against said closed
45 coil and thus restores the field of the second
exciter to its normal condition after the line
potential is reduced. This device causes the
second exciter to be quickly responsive to mi-
nute changes in the potential condition of the
50 circuit, while the instantaneous effect oT cut-
ting out or in the coils of the field of said sec-
ond exciter is tempered or moderated to a de-
gree, by the self-induction of the coil short-
circuited and that of the cores of the exciterf=.
In this way a very delicate adjustment of the 55
field-magnet strength of the main generator
is effected.
In the accompanying drawings. Figure 1 is
a diagram of a di'uamo-electric machine and
regulator. Figs. 2 and 3 are,^respectively, a 60
side view, partly in section, and an end eleva-
tion, of a modiflcation of my improved regu-
lator. Fig. 4 is a detail showing a slight modi-
fication in the circuit of the regulator.
Referring to Fig. 1, the field-coils a of the 65
generator A are excited by the armature cir-
cuitof the exciter machine B. The armature
a' of said generator A is provided with rings
from which currents are fed to the main cir-
cuit 1, 2, from which translating devices a^ 70
such as incandescent lamps, are supplied
through transformers or otherwise. The
field coil h of the exciter B is not wound in
series with the armature of said exciter, but
is in circuit with a second series-wound exciter 75
C, and excited thereby. The field coil c of
said exciter C is provided with a circuit c'
adapted to be closed by a switch around a
portion of said coil whereby said portion may
be short-circuited. To operate said switch a 80
lever D is pivoted at d, and so adjusted as to
be capable of swinging against the movable
contact of the switch thereby closing said
switch. Upon the upper portion of said lever
is a closed coil or conductor cV, surrounding 85
a core E and upon said core E is wound a coil
F in shunt to the main circuit 1, 2.
The operation of the device is as follows:
When the potential of the main circuit 1, 2
becomes unduly high, the excess of pressure 90
is felt by the coil F, and since the alternating-
currents flowing around said coil tend to repel
,
the closed coil cV the lever D is swinging
against the contacts of the switch c^, and closes
the same. A retractile spring G the tension 95
of which is adjustable by the nut g is opposed
to the movement of the lever D when said
lever is'acted upon by the coil d', and is so
adjusted as to be capable of operating the
switch when the potential of the circuit is 100
reduced to the desired degree and the repul-
sive effect of the coil d' is correspondingly
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diminished. The lever D is delicately ad-
justed to respond to slight difference of poten-
tial, and inimediatel3' acts to short circuit a
IDortion of the field coil c, upon an increase of
5 potential and as promptly restores said por-
tion of the said tield coil to the circuit as the
potential decreases. In practice the move-
ment of said lever is vibratory, but the full
effect of short-circuiting and restoring the
lo portion of the field c arranged for that pur-
pose is not instantaneously felt owing to the
self-induction of the short-circuited coil and
the reluctance in the cores of the machines.
The corrections effected by the regulation
15 therefore, are even and gradual, responding
promptly' to the needs of the circuit, but not
oscillatingbetween unnecessary extremes. A
resistance II is placed in shunt around the
short-circuited portion of the field coils c, in
20 order to prevent sparking at the switch c^.
The above apparatus, as described, is
adapted to be applied to machines of the al-
ternating type and is especially designed for
this purpose, but it might obviously be ap-
25 plied to a direct current machine by so ar-
ranging the lever D that attraction instead of
repulsion between the coils F and cV will
cause said lever to close the switch
Means for obtaining a compounding or over-
30 compounding etl'ect in the main generators is
shown in Figs. 2, 3 and 4, Fig. 4 being a modi-
fied form of the circuits used in Figs. 2 and
3. In these figures the lever D is made in the
form of a frame and carries a coil rZ' adapted
35 to open or close the contact bridged by the
resistance II to diminish the spark. In this
case however the lever I) also carries a second
or auxiliary closed-circuited conductor I. A
core r is inclosed in this conductor, and, as
40 illustrated, is preferably a tiiree-pronged con-
struction, (seen best in Fig. 3,) thereby ob-
taining an improved magnetic circuit. This
core is provided with guides, J, J, upon which
it slides, and its position may be adjusted by
45 means of the nut 1' upon the-scrow-threaded
projection from the core, the adjustment of
position serving to modify its effect upon the
coil or closed-circuited conductor I. Upon
the main core K of the apparatus is wound
5c the shunt coil F, as in the construction shown
in Fig. 1, and tliesi)ringG and adjusting nut
7 servo to reguhitc tlie action of the frame I),
as in the case of I-'ig. 1. 'I'o obtain the com-
l)0unding effect for increase of current, a coil
55 P is wound u|)on tlio core I', tliis coil being
in the main circuit of the machine and being
arlaptod to repel the coil I as the coil F ropols
the coil <r.
'J'ho ojjcration of this device is as follows:
Co Solongasthe potential remains suljstantially
constant, the coil lU maintains its position,
and the effect of the coil upon the coil I is
80 adjusted with reference to the effect of the
coils F and d' that its balance is not disturbed
O5 «luring the regulating action for ordinary dif-
forenccH of potential. When th*- current in-
creases and consequently the effect of the coil
P also increases, it is evident that the poten-
tial at which the repulsive effect of the coils
F and d' is suflieient to close the contacts 70
is increased, as this potential m ust be su tUcient
to overcome in addition to the spring G the
increased repulsive effect between the coils
I^ and I. As the load decreases and the de-
mand for current also decreases, the effect of 75
the coil P also decreases, and the regulator
acts as before at a lower potential. By this
means the machines maj^ be compounded or
over-compounded to any desired degree. In
some cases where a large range of adjustment 80
is not necessarj^, the arrangement shown in
Fig. 4 can be used to advantage. In this case
the series coil P around the core V is con-
nected to a coil i around the core E, in the
opposite direction to winding F, thus produc- 85
ing a differential action on the core E, the
effect of which is to modify the effect of the
coil F upon the coil d' in substantially the
same way as do the coils I and P in Figs. 3
and 4. 90
I do not wish to be understood as limiting
my invention to the exact form of apparatus
set forth in Figs. 3 and 4, since this arrange-
ment might be modified in various ways with-
out departing from the spirit of the inven- 95
tion. For example, while it is preferable for
the sake of obtaining better magnetic cir-
cuits, that the core E and 1' be respectively
double and three pronged, as shown, this is
manifestly not essential; while au\' means icq
whereby said core I' is rendered adjustable
in position, and the retractile device G ad-
justable in strength, might take the place of
the screws P and g, shown in the drawings.
I also do not wish it to be understood that 105
the second exciter need be series-wound in all
cases, as its field magnets might, of course, be
included in a circuit in shunt to its brushes,
or supplied with current from any other suit-
able source, and more or less of the winding 1 10
be included in circuit, as described and for the
purpose mentioned.
What I claim as new, and desire to secure
by Letters Patent, is
—
1. In combination, an alternating current 115
dynamo-electric machine, separate exciting
dynamos therefor, a magnetic device in shunt
to the main circuit responsive to changes in
the line potential, a switch operated thereby
and adapted to vary the field strength of the 120
(;xciters, substantially as herein described,
and a second magnetic device in series in the
main circuit adapted when the load is in-
creased to oppose the potential reducing effect
of the first magnetic device, and thus to com- 125
pound or over-compound the regulatingoffect.
2. A I'cgulating device for alternating cur-
rent d^'ruimo eUsctric machines, com[)rising a
system of sei)arate exciter dynamos substan-
tially as described, a switch for varying the 130
field magnetstrcngth of said exciter dynamos,
a Nsvor adai)ted to operate said switch, a closed
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coil upon saidlever surrounding a magnet core
upon which is wound a coil in shunt to the main
circuit, and a second closed coil upon said le-
ver surrounding a second magnet core upon
5 which is wound a coil in series with the main
circuit, said shunt and series coil being so ar-
ranged as to repel the said closed coils respect-
ively in opposite directions, thereby produc-
ing a differential effect upon the movement of
lo the lever, as and for the purpose set forth.
3. In a regulator for alternating current dj'^-
namos, the combination with a magnet core
having wound thereon a coil in series with the
main circuit, of a second magnet core having
15 wound thereon a continuation of said series
coil, a coil in shunt to said main circuit also
wound on said second magnet core but oppo-
site in direction to said series coil, a lever
carrying closed conductors surrounding said
2o magnet cores respectively and so adjusted as
to be repelled in opposite directions by said
coils, and a regulating switch operated by the
movement of said lever, whereby the field
magnet strength of a system of separate ex-
25 citing dynamos is varied, substantially as de-
scribed.
4. In a regulator for alternating current dy-
namo electric machines, the combination with
a switch for varying the field magnet strength
30 of a system of separate exciter dynamos such
as is herein set forth, of a lever adapted to op-
erate said switch, a coil in shunt to the main
circuit adapted to repel said lever and move
it in the desired direction when the line poten-
tial becomes too great, an adjustable restor- 35
ing device for said lever, a coil in series with
the main circuit also acting on said lever to
assist said restoring device under increase of
load on said main circuit, and a core for said
series coil adjustable in position whereby the 40
effect of said coil on said lever may be varied,
substantiallj' as and for the purpose set forth.
5. A regulator for alternating current dy-
namo electric machines comprising a closed
core E having wound thereon a coil F in shunt 45
to the main circuit, a three-pronged core I'
having wound on the middle prong thereof a
coil P in series with the main circuit, a mov-
able lever D having closed coils d' and I there-
on surrounding said cores E and I' respect- 50
ivoly, said closed coils being so situated as to
be repelled by said coils F and P on opposite
sides respectively, an adjustable restoring de-
vice for said lever acting in opposition to said
coil F, but assisted by said coil P, means for 55
adjusting said core I' so as to vary the effect
of said coil P upon said core I', and a switch
operated by said lever, whereby the field
magnet strength of a system of separate ex-
citer dynamos is varied, as and for the pur- 60
pose described.
In testimony whereof I have hereunto set
my hand this 23d day of August, 1893.
WALTER S. MOODY,
Witnesses:
John W. Gibboney,
Benjamin B. Hull.
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To all irlioiii if may concern:
r>e it known that I, Walter S. INIoodv, a
citizen of the L'nited States, residing at Lj-nn,
in the connty of Ussex, State of Massachu-
5 setts, have invented certain new and useful
Imj)rovements in Regulating Alternating-
Current Dynamo - Electi'ic Machines, (Case
No. 323,) of which the following is a specifi-
cation.
lo jN[}' invention relates to the regulation of al-
ternating-current dj-namo-electric niacliines,
and more i^articularly to the compounding of
such machines for change of potential upon
change of load. The objects thus poiiited
15 out have been attained to a greater or less
perfection by other forms of apparatus; but
some of these devices have been objection-
able for various reasons. One princii)al
method in use has been to use a separate ex-
20 citer for such nmchines and to commute a
part of the current of the main machine and
pass it around the field-magnets of the ex-
citer, so that the iiotential of the exciting-cur-
rent rises with the increase of load, and thus
25 more current is passed around the field-mag-
nets of the main machine, and its potential
is likewise raised. Another method has been
to commute a part of the main current and
pass it around the field-magnets of the ma-
30 chine itself. This latter arrangement neces-
sitates a somewhat large commutator and the
commutation of a considerable j^ortion of the
main current, while the single-exciter method
ofcompoundinghas several objcctions,among
35 others being the fact that the increase or de-
crease of field strength in the exciter brought
about by the commuted main current acts
to increase or decrease the current through
the shunt-winding of the exciter -machine,
40 and thus produces a sort of geometric pro-
gression in the change of jiotential. This is
more objectionable from the fact that the
current in the shunt-field winding does not
respond quickly to the change of electromo-
45 tive force at the terminals of the winding,
but re(iuires a certain length of time to reach
its corresponding value on account of self-in-
duction and resistance, which, added to the
lag from hysteresis, prevents the electromo-
50 tive force in the main machine being ipiickly
adjusted to the varying current demand so
as to compound or overcompound properly-,
the excitat ion coming on too slowlj" when the
current falls and falling off too slowly" when
the load drops. Another objection to the 55
use of the single exciter is that with alter-
nators having large armature self-induction
(which is true of the majority of those in use)
the field-current is very much larger at low
load than at no load, so that in case of a 60
small amount of overcompounding, such as
ten per cent, or so, there may be one hundred
per cent, or even one hundred and fifty per
cent, increase in the field-current. A single
comiwund-wound exciter furnishing, say, one 65
hundred and ten volts when full load is on the
alternating-machine at a light load or no load
must run at a potential of about fifty^ volts
or less. With this condition of weak field in
the exciter the current in its field-magnet 70
winding will be extremely unstable and may
fall below the critical iioint, so that the ma-
'
chine will lose its excitation entirelj'. This
fact has been practically demonstrated within
my knowledge in large machines in commer- 75
cial use. This and other disadvantages of
the methods commonly in use I have over-
come by means of the present invention, in
which I employ two exciting-machines. One
of these machines furnishes to the field-mag- 80
nets of the main machine all of the current
which they receive. The armature of this
machine has no connection with its own field-
magnets, but they are separately excited by
a second exciter-machine. It is in a sense a 85
compound-wound machine, in that the wind-
ing upon its field-magnets, which dei-ives cur-
rent from the .second exciter -machine, is a
winding of high resistance, like an ordinary'
shunt -winding, and will bo hereinafter re- 90
ferred to as the " shunt -winding." It re-
sembles that class of winding in that a com-
paratively constant current is maintained
through it. Upon the same field-magnets is
wound a compounding-coil, which derives its 95
energy from the main circuit. In some cases
I prefer to mount a transformer upon the
armature of the main machine and send cur-
rent from the secondary of this transformer
t hrough a synchronous commutator mounted 100
upon the shaft of the main machine; but for
this I may substitute other arrangements, in
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that case particulavlj' where a stationary
transformer is used. By this arrangement I
provide a method of eompoiinding free from
the disadvantages and objections which I
5 have pointed out. The main exciter cannot
fall below the critical point in its field exci-
tation, because the an xiliarj' exciter furnishes
to the shunt-winding a current sufficient at
all times to maintain it above this point.
to This current being independent of that tlow-
iiig in the armature of the main exciter, it
responds freely to changes in the load upon
the main dynamo, as the compounding-coil
may be of relatively-greater effect with tlie
15 kind of excitation to which I have just re-
ferred. Tlie current in the shunt-winding of
the main exciterbeing independent of its ow'u
armature, the changes in the field strength
produced by the compounding-coil do not di-
20 redly affect the shunt-coil, and therefoi^e the
sluggishness or lack of coincidence between
tlie demand for current and the increase of
potential due to the compounding-coil does
not occur, and the proportionate amoujit of
25 compounding is notdisturbed by this reactive
influence of the shunt-coil. It is of course
designed to adjust the amounts of the shunt-
windingand the compounding-coil to the par-
ticular degree of oyercompounding desired.
30 The method of operation, as will be seen
from the above statement of invention, is,
Ijriefl}', to supply the main -dynamo field-
magnets with curi-eiit from an armature ro-
tating in a field of force produced hy a con-
35 stant magnetizing-current independentof the
armature itself, and a second magnetizing
force derived either directly or inductively
fi-om flie main machine, by which is meant
cither the dynamo itself or the circuit sup-
40 i)lied by it. In si)eaking of this independent
field of force it is of course understood that
the armalni-e i-eacfion is not refeired to, but
tliat there is no elect l ical connection between
flic main exciter-armature and its own field-
45 magnets.
'J'iie accompanying drawings showdiagram-
n)atic embodiments of my invention, l^'igure
I l)cing a rej)reHentatioii of the combination
of macliincs that 1 liavedcscril)ed with a f l ans-
50 former <'arrie<l upon flic armat nre of the main
d\ iiamo. Kig. L' is a modifi(;d form in whi<!h
a Stat ioiiary armat uie is employed and a syn-
clironous r-omniufator is used to fiir iiisli tlie
conipoiinding-r-oil wifli diiccl cnrrcnt dcrixctl
^5 rroiri tlif main circuit.
Kcfcrring now lo I lie dra \N ings In' letter, A
is iIm' arinaliirc <»f liic main dyiianio-('l<;cti'ic
iiiacliitic to l)c rfgnlalfd. 11 indicates flu; fieid-
niagtiets. <i h arc- tlic mains from tlic arnui-
60 1 nre, provided w illia pair of collect ing rings.
A MiiigIe-pliHH(; jilternulor is indic;il(!d ; jnil
nothing in my inv<-nfion would exclude its
a|iplic)it ion to allernat ing irinrOiines of oliu-r
niiinl»ers of i)liaseH.
65 (' is llic IranHformer lf» wlii<'li I have re-
fcrreij, moiirit«!(l upon ilu; armat nre of Mic
iiinin niHcliine and connected wifli its arma-
ture-winding at C C. From the secondarj'
of this transfoi'uier leads pass to the commu-
tator C^, mounted upon the shaft of the main 7c
machine and i)rovided with the usual bru.shes.
From these brushes leads pass to the com-
I)ounding-coil EF', and between these leads
a resistance R' is shown, which may or may
not be adjustable, but ordinarily is of fixed 75
amount. The shunt-coil of the main exciter
is indicatedat EF', and within the field-coils
furnished by these two coils rotates the ar-
mature of the main exciter EA' in circuit
with the field-magnets B of the main ma- 80
chine. The shunt-coil is furnished with cur-
rent fi'om the ai'matnre EA^ of the second or
auxiliary exciter, whose field-magnet EF'^ is
.
in series witli its own armature. A regulat-
ing-resistance R for determining the voltage 85
of the main machine and incidentally that of
the exciters is interiwlated in the circuit at
anj^ suitable point.
In Fig. 3 the same reference-letters indi-
cate like pai'ts; but the transformer C is in 90
the main circuit and is stationarj\ It Hup-
plies energy to the armature JMA of the syn-
chronous motor M, acting as a rotary con-
verter, the field-magnets of wliich are sup-
plied with current from the auxiliary exciter. 95
The portion of the main current transmitted
by induction through the transformer C is
fed to the armature of this converter and is
there rectified by the commutator and fed to
the compoimding-coil EF". 100
The electrical operation of the devices just
described will be readily apparent to those
skilled in the art, while the advantages of the
method of oi^eration have been poinfed out
above. 105
It is manifesl that another source of cur-
rent for supplying the constant excitation of
the main exciter might be substituted for the
auxiliary dynamo which I have shown. Such
a soui'ce of current is indicated in Fig. 1 in no
dotted lines, a storage - battery being dia-
grammatically shown at S with a resistance
li' in its circuit for adjusting the electromo-
tive force, although any other means might
of course be used. 1 15
In addit ion to tlic advant ages which I have
already stated I am enabled by the cond)ina-
f ion of a|)paraf ns and mcfliod of o])eraliion
whicii I Imve illiistrafed and describe*! (o dis-
])ense Avitli jjofcnlJal-responsive magnets as 120
emj)]oyed in many forms of I'egulalor now in
use, and I also (lisj)ense with conf a(!ls to be
op(!n<!d and closed by tlie action of snch po-
Icnf iai-responsi ve (Un ices, thus overcoming
I he objcc! ions not only to these devices but 125
to Ihe auxiliaiy arrangcsnumls so often nec-
(issary to eliniinaf-e tlu; sparking in their op-
erat ion.
\\'lial I claim as new, and desire to secure
by Letters I'alcnl of the United Stafes, is— 130
I . 'J'lu! rnel hod of'coinpounilingalf;(M'naf ing-
<'iirrenl <lynani<)-elecl ri(! machines for change
of potential under changeof load, which con-
sisl/S in siij»plying to the field-magnets <'iir-
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rent from an armature revolving in a com-
liound lield of force independent of the arma-
ture itself, part of such field of force supplied
hy a separate excitation substantially fixed
5 in amount, and part l)y a commuted current
derived from the main machine.
2. The method of com pounding alternating-
current dj namo-electric machines for change
of potential under change of load, whicli con-
10 sists in supi)lying to the field-magnets cur-
rent from an armature revolving in a com-
pound field of force independent of the arma-
ture itself, part of such field of force supj)lied
by sei)arate excitation substantially fixed in
1 5 amount, and part by a commuted current de-
rived inductively from the main machine.
3. In combination, an alternating-current
dynamo -electric machine, an exciter-arma-
ture in circuit with its field-magnet winding,
20 a coil of high resistance upon the field-mag-
nets of the exciter, an external source of cur-
rent for the coil, and another coil ujyon the
field-magnets, the latter coil deriving its en-
ergy from the alternator.
25 4. In combination, an alternating-current
dj'namo-electric machine, an exciter -arma-
ture in circuit with its field-magnet winding,
the latter armature having no electrical con-
nection with its own field-magnet winding, a
30 coil ui)on the exciter field-magnets in circuit
with a source of substantially constant elec-
tromotive force, and a compounding-coil upon
the exciter field-magnets deriving energy by
induction from the main circuit.
5. In coud:)ination, an alternating-current 35
dynamo-electric machine, an exciter -arma-
ture in circuit with its field-magnet winding,
an auxiliary exciter supplying a field-magnet
coil upon the main exciter with substantially
constant electromotive force, a compounding- 40
coil ui^on the field-magnets of the main ex-
citer, and a synchronous commutator recti-
fying part of the main current and supplying
it to the compounding-coil.
G. In combination, an alternating-current 45
djTiamo-electric machine, a main exciter-ar-
mature in circuit with its field-magnet wind-
ing, an auxiliary exciter, a synchronous con-
verter, a high-resistance coil upon the field-
magnets of the main exciter, electrical con- 50
nections fx'om the aiixiliary exciter to the
high-resistance coil and the field-magnets of
the converter, and a cojnpounding-coil upon
the field-magnets of the main exciter and in
circuit with the converter. 55
In witness whereof I have hereunto set my
hand this 14th day of Januaiy, 189().
WALTER S. MOODY.
Witnesses:
John W. Gibboney,'
Henry M. Hobart,
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To all whom it may concern:
Be it known that I, Edwin Wilbur Rice,
Jr., a citizen of the United States, residing at
Schenectady, in the county of Schenectady,
5 State of New York, have invented certain new
and useful Improvements in the Method of
and Means for Regulating Alternating-Cur-
I'ent Dynamo-Electric Machines or Distribu-
tion Sj'steras, of which the following is a speci-
lo fication.
The present invention relates to an im-
proved method of and means for regulating
dynamo-electric machines or distribution sys-
tems comprising a number of novel steps and
IS features capable of being applied in a wide
variety o'f ways. The particular application
of these novel features, which will be de-
scribed hereinafter at length, is a mode of
regulating or compounding alternating-cur-
2o rent dynamo-electric machines whose field-
coils are energized by an exciting-machine
without the necessity of commuting the whole
or any portion of the main current, as has
heretofore been the practice, and, further-
25 more, compounding or compensating not only
for changes of current under different condi-
tions of load, butalsoforchangesin the phase
relation of current and electromotive force
which arise from time to time in alternating-
30 current distribution systems from various
causes well known to electrical engineers.
It is well known that when the load on any
dynamo-electric machine acting as a genera-
tor increases the resistance drop also in-
35 creases and the terminal voltage falls. The
voltage at any distant point on the distribu-
tion system falls at the same time and to an
even greater extent; but where alternating-
current generators are used any change in
40 the phaseTelations between current and elec-
tromotive force in the main circuit of the ma-
chine causes a change in the voltage at any
point in the system. I understand this ac-
tion to be due to several causes, of which the
45 most important are, first, an increase of lag
tends to increase the drop due to self-induc-
tion in the armature, and, second, an increase
of lag tends to increase the armature reac-
tion. Witli constant internal electromotive
50 force and with an^^ given positive amounts
of resistance and self-induction in the arma-
ture the terminal voltage of the machine will
be different from, and usually smaller than,
the internal electromotive force. The ter-
minal voltage will also in general lag behind 55
the internal electromotive force. It is tliere-
fore necessary in order to maintain constant
voltage at the brushes to increase the intei'-
nal electromotive force with any increase of
load or of lag in the main circuit and to de- 60
crease it with any decrease of load or of lag.
Furthermore, it is necessary', up to a certain
point at least, to decrease the internal elec-
tromotive force Avith any increase of lead in
the ipaia current, for any small lead of the 65
main current in advance of the terminal elec-
tromotive force of the machine will only tend
to bring it more nearly in phase with the in-
ternal electromotive force and thus reduce
the inductive drop of the armature and the 70
armature reaction.
In the above discussion it has been as-
sumed that straight compounding is desired,
but it is^wejl known in the art that it is often
desirable to attain overcompounding—that 75
is to saj% it may be desirable to maintain con-
stant voltage at any selected point in the sys-
tem. If this point is at the brushes of the gen-
erator, the compounding is straight. If this
point is at any distance from the brushes— 80
as, for example, at the translating devices or
at some selected point in the network—the
machine is said to be adjusted for overcom-
pounding. In the first case we have to con-
sider only the resistance and reactance of the 85
machine, while in the second case the resist-
ance and reactance of the transmission-lines
up to the selected point, as well as the effect-
ive resistance and reactance of the step-up
transformer, if one be used, must be taken 90
into account. It will appear later that my
invention is equally applicable to either of
these needs.
Briefly stated, the specific method of com-
pounding described and illustrated in this 95
application consists in passing the current of
the main machine bj' suitable electrical ia-
ductive connections through the armature or
current-generating member of the exciter,
thereby producing- in the exciter-armature 100
alternating polarities which reverse in syn-
chronism with the movements of the arma-
2 695,
ture in space across its field-poles. By the
reactive influence upon the field of the ex-
citer of the alternating current thus fed
through its armature the resultant field raag-
5 netism of the exciter, and consequently its
voltage, is varied automatically from time to
time, so that the current derived from its
commutator and used for exciting the field
of the main machine preserves the field mag-
lo netization of the main machine of such value
as renders the machine self-regulating under
varying conditions of load. In some instances
the results to be secured will make it advis-
able to pass through the exciter-armature
15 not the main current of the machine, but a
current proportional to the voltage of the
machine. In the one case the main current
or a shunted portion of the main current is fed
to the armature of the exciter. In the other
20 case the armature of the exciter will be in-
cluded in a shunt-circuit across the brushes
of the main machine or the circuit-wires con-
nected thereto. It is, however, not my in-
tention to limit the novelty of this applica-
25 tion solely to such a method of compounding
separately - excited alternators as has been
outlined, since the invention comprises radi-
cally novel features which are useful in many
other systems and combinations. Prominent
30 among these is the mode in which the ex-
citer, considered simply as a dynamo-ma-
chine, apart from its combination wi;^!;^ the
main alternator, is regulated; second'ly, the
automatic regulation of dynamo machines or
35 systems so as to compensate for the effects
of lagging and leading currents in the ex-
ternal circuit.
Heretofore it has been customary to regu-
late dynamos in various waj's—for example,
40 by a resistance in series with or in shunt
around the field-circuits, or by shifting the
brushes, or by other ways which need not be
mentioned. In the s^'stem now proposed regu-
lation is secured automat ically by the reactive
45 influence upon the field of the machine of an
alternating current wliich is caused to flow in
its armature, and tlie expedients which have
lieretofore been resorted to may be dispensed
with altogether or at all events used simply
50 as auxiliaries to the novel method of regula-
tion just mentioned. It is evident that a dy-
namoso regulated may be used for many other
p\irposes tiian to excite the fiekl of a second
machine, and hence the novelty of this part of
55 tlie invention is b^'no means confined to the"
combination of a main generator and exciter
which mutually serve to regulate each other.
Fnrtliermorc, it lias heretofore been pro-
posed tocompensate the ef^scts of leadingand
60 lagging currents in an alteriiating-current
system by special pliase-controUers by which
tlir; jjhasc relation of tlu; currentand electro-
iMOfive forfc may bo varied at will.
In the itrcsent inv(;ntif)n the cfTccts of
05 changes in tlie phase relation of current and
electromotive force, suit corrected by r(!gulat-
ing the main machine or fnaciiincs. For ox- i
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ample, if the current in the circuit of an al-
ternating generator lags behind the impressed
electromotive force at the terminals of the 70
machine the potential will beconre less than
it would be under the same conditions were
the current in phase with the electromotive
force. On the contrary, if the current be-
comes leading the potential will tend to rise. 75
A distinctive feature of this invention is that
the generator in such cases may be automatic-
ally regulated to correspond with the various
phase relations existing in the circuit under
different conditions, so that should the cur- 80
rent fall out of phase and Ijccome lagging
such a change of itself brings about directly
or indirectl3' the necessarj- regulation of the
generator to suit the condition ussuioef}. iMie
same holds true if the current becotnes fead- 8^
ing instead of lagging. This rRHult, ?ric-
ally stated, is secured by incKid'
'if i . the
circuit of the machine an electr<».>-spc.isive
device of such character that it tnkes cogni-
zance, so to speak, of the existing phase re- 90
lation at a given time, giving one response
or producing one effect when the current lags
and a different I'esponse or different . 'tect
when the current leads. These seconds. ; ef-
fects are utilized to regulate or coif I t'le 95
regulation of the generators or otlu r ai para>-
tus requiring regulation.
In the specific apparatus hereinafter de-
scribed the electroresponsive device answer-
ing this purpose is the exciter-dynamo, which, 100
as will be explained, raises the voltsge of the
main d3'namo when the current lags and i-e-
duces the voltage when the current leads. It
is, however, evident that the same function
can be secured by other apparatus and util- 05
ized in a variety of combinations in which the
electroresponsive deyice is coiijiled either in
series or in shunt relation to the circuit, so
that such of the claims hereinafter made as
relate to this part of the invention are intend- i to
ed to be generic.
In the embodiment of the different features
of the invention specifically described here-
inafter there is provided a main alternator,
which I will assume to be a generator feed- 115
ing a distribution system, though jnotors, ro-
tary converters,orelectrodynamic pha.so-con-
trollers may be regulated in a similar man-
ner. The main generator nuiy be constructed
in any ordinal y manner. A continuous-cur- t20
rent exciter of any ordinary description fur-
nishes current for exciting tlie field-magucits
of the main machine. This exciter notonl^
provides a proper excitation for the alterna-
tor under its regular or normal load, but it
varies the excitation automatically under dif-
ferent conditions in accordance with the or-
dinary prin(!iples of "compound winding," as
tlicso terms are ordinarily uiideistood in the
art, .so that as the load incrcaHcs the j)oteii- 130
tial also increases correspondingly, or, if i)ro-
fcrred, in a greater ratio, as in iJiocase of over
compounde(i machines. Itis llierefore])ossi-
ble to di-spenso witli Iho commutator hereto-
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fore employed for rectifying the whole or a
paft of the current of a niachiue in order to
make it self-compounding, together with all
accessory devices for suppressing sparking,
5 and so on. The simplest an-angeraent is to
provide the main alternatorwitli a single field-
winding and to use only a single exciting-ma-
chine, which therefore plays the part both of
the ordinary exciter and of all special means
lo for compounding. It is, however, entirely
possible to supply the initial field magnetiza-
tion for the alternator from one source of cur-
rent-supply and the varying excitation neces-
sary for compounding from a separate Tegu-
15 lated machine. The exciter comprises an ar-
mature with a series closed-coil winding and
commutator of any ordinary pattern, and the
field-magnet of the exciter when the machine
is to run at the same speed as the main gen-
20 Qrator should have the same number of poles
ds the main machine. It is, however, only
essential that the number of poles of the two
machines and the speeds at which they are
driven should be sucli that from an electrical
25 standpoint the machines run in synchronism
with one another, so that the alternations of
the current from the main generator are in
step with the movement of the exciter-arma-
ture across its poles. The current induced
30 in the armature of the exciter is rectified by
a commutator and excites its own field-mag-
nets and also the field-magnets of the main
machine, as has heretofore been customary.
The current in the main generator is passed
35 through the armature of the exciter, and in
so doing develops alternating polarities there-
in which react upon the field magnetization
of the exciter and so vary its voltage. The
amount of this reaction and the consequent
40 regulation secured will correspond with the
strength of the main current passed through
the armature and also the phase relation of
the current.
The connections between the armatures of
45 the two machines are so made that the polar-
ities induced in the exciter-armature are of
opposite sign to the adjacent field-poles at
any given instant and somewhat ahead of the
exciter -field magnetization. The result is
50 that with increasing main current the cur-
rent passing through the exciter-armature
strengthens to a corresp'ondingly greater de-
gree the exciter-field, and thereby the ex-
citation of the main alternator. If the cur-
55 rent lags, as under an inductive load may
occur, the magnetization produced by the al-
ternating current passed through the exciter-
nrmature comes more nearly in line with the
exciter-field magnetization, thus strengthen-
6.C ing its field more and increasing the excita-
tion of the alternator. While, on the con-
trary, should the current lead, the magnetiza-
tion of the exciter-armature due to this cur-
rent js less in line with that of the exciter-
65 field, and thereby strengthens it less or may
even be in opposition to the exciter-field unil
so weaken it. < In some cases the arrange-
ment may be such that the polarities induced
in the armfiture of the machine regulated bj^
armature reaction will be of like sign to the 70
adjacent field-poles, so that regulation is due
to the differential rather than the cumulative
action of the magnetic fields, the armature-
poles in this case weakening instead of
strengthening the field-poles. Such an ar- 75
rangement is specially desirable inconstant-
current machines or systems, while the for-
mer arrangement is better adapted to con-
stant-potential machines. If the machines
ai'e ijroperly proportioned, the regulation se- 80
cured in this manner ma,j be entirely auto-
matic, though adjustable resistances maybe
used in the field-magnet circuits of the ma-
chines as auxiliaries in securing the desired
regulation or correcting the effects of iraper- 85
fections in design or for adjusting the ma-
chines for different ratios of compounding.
When the exciter has the same number of
poles as the main machine, the two machines
may be driven in synchronism b}' mounting 90
their armatures upon the same shaft, or by
running the armature of the exciter by asyn-
chronous motor, or by the alternating current
from the generator itself after the manner of
a rotary converter. The alternating Current 95
of the main machine is passed through the
armature of the exciter either by direct elec-
trical connections or indirectly through the
transformer or other inductive apparatus.
The accompanying drawings show embodi- 100
ments of my invention.
Figure 1 is a diagram of an alternating gen-
erator and exciter and connections therefor
constructed and arranged according to my in-
vention, the exciter-armature being under- 105
stood to be upon the same shaft as the arma-
ture' of the main generator. Fig. 2 is a sec-
tional elevation of an arrangement similar to
the above except that a transformer is intro-
duced between the main alternator and the no
exciter-armature, Fig. 3 shows a modification
wherein the exciting- armature is synchro-
nouslj^ driven by derived current from the
line and need not be upon the same shaft.
Fig. 4 shows a modification. Fig.5 shows,dia- 115
grammatically, a further modification illus-
trating particularlj"^ a way in which the regu-
lating effect of the main current upon the ex-
citer maj^be controlled; and Figs. G, 7, and 8
ai'e diagrams explanatory of the mode of op- 120
eration of the invention.
In Fig. 1, G represents an alternating-cur-
rent generator having armature-coils A, field-
magnet coils F, and collector-rings r' r^, the'
latter being%hown upon the left side of the 125
drawings for clearness of illustration. Upon
these rings bear the brushes B'B^ connected
to the line-wires 1 2, between which trans-
lating devices of any desired character are de-
signed to be coupled in parallel. The field- 130
magnet <!oiis are shown wound to produce al-
ternate poles in-the usual way.
S is tlie shaft of-the generator, and upon
this shaft is fixed the armature a of the excit-
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ing-macliine E, wiiicJi jnachine ajso has field-
raagnet coils / wound to produce alternate
poles, and iu this particular embodiment oi
my invention equal in number to the poles of
5 the alternator G.
C is a commutator on the shafts, connected
to the windings of the armature a, which are
of the multipolar type corresponding to the
number of pairs of poles of the field, and in
lo the case illustrated a series winding adapted
to twelve poles. Upon the commutator C
bear the brushes h' b~ at points of opposite
polarity, and from these brushes connections
3 4 lead from the brushes to the field-magnet
15 coils of the alternator and of the exciter,
which, as illustrated, are in series, but may be
equally well in multiple. The commutator
and brushes may be connected and arranged
as is customary in anj^ continuous-current
20 machine of this type.
When the shaft is rotated, the exciter will
act as an ordinary multipolar direct-current
generator and will build up until the designed
electromotive force is developed. This force
25 may be adjusted to the proper amount by the
regulating-resistances K, included in the cir-
cuit of the ficld-magnet coils/. The field-
magnets F of the alternator are at the same
time excited, and an alternating electromo-
30 five forcf? is generated between the lines 1 2,
the amount of current flowing depending
upon the load. As the load increases it be-
comes neces.sary to increase the excitation of
the field-magnets F—that is, to compound the
35 machine. This result is ootained by passing
the line-current through the armature a, as
shown by the connections from the main ar-
mature to the collector-ring which tap the
exciter-armature winding at the points ^ p'.
40 It is of course to be understood that this tap-
ping may be accomplished either b^' collector-
ringf where the two machines are not mounted
upon he same shaft or by direct connection
. (which is to be preferred, if convenient)
45 where the exciter-armature is upon the same
shaft with the alternator.
At 7 7 I show in dotted lines that the field-
magnets cf the two machines may be arranged
in multiple and the switch .s may be employed
50 to close the shunt-circuit C in order to build
u[) more rapidly the field of the oxciter-ma-
chiue.
In many cases it will be preferable toettect
an inductive transfer of the alternating cur-
J5 lent in order to facilitate controlling or vary-
ing the regulating effect of the main current
ui)on the exciter and to p<;i niit of winding tlio
e.vciter for current of coiiiparati v(;ly low vol-
t:ige. One such arrangement is iliu.stratcd in
Oo Fig. 2, wherein the 1 otters nffer to the .same
parts ns in l-'ig. 1; but 1 also show, in addi-
tion to the apparatus in Fig. 1 , a transformer
T, the primary « oil / of wliich is connected in
the circuit of the armature A, an<l its sec-
65 oridnry /' is connected to the armature a.
K.xcept as to tlii.H intermedirtto transforma-
tion, wliich may be of any character desired
by the engineer, the arrangement and the ac-
tion are the same as in Fig. 1.
In Fig. 3 I show a modification wherein the 70
exciter-armature may be upon a separate
shaft from the alternator and be driven by
current taken from the main line by the de-
rived circuit 8 9, the armatures being- under-
stood to run synchronously, and if the num- 75
ber of poles in the exciter be less the speed
will be correspondingly greater. Two trans-
formers are indicated in this figure, and they
maybe considered as in effect a single trans-
former, inasmuch as the secondary coils in 80
circuit with the armature a are in series with
one another. In this case, however, the pri-
maiy of the transformer T" is in series with
the armature A, while the primarj^ of the
transformer T'^ is in shunt across the mains 85
1 2 from the alternator G. The operation of
the transformer T' will therefore depend upon
the current from the armature A, while that
of the transformer T^ will be dependent upon
the potential between the mains 1 2, as is well 90
understood.
In Fig. 4 I show that the interpolation of
the exciter-armature may be made at any
point in the winding of the armature of the
main generator and that it is not necessary 95
that it should be between one of the col-
lector-rings and the end of the winding, as
the same effect can be obtained by its inser-
tion in other places, the arrangement of Fig,
1 being simply the preferred arrangement. loi.
In Fig. 5 an arrangement is shown some-
what similar to that of Fig. 2, and in this fig-
ure corresponding parts are indicated by the
same letters of reference, as heretofore de-
scribed. The main alternator G and the ex- 105
citer E are driven synchronousl}' by belts
passing around the pulleys P P' from the shaft
K or in any other manner. The current from
the main alternator is fed to the armature of
the exciter through a transformer T, and the no
secondary winding of the transformer is di-
vided into sections, more or less of which may
be brought into circuit by a switch s. In this
manner, as will be readily understood, the
current transformed and passed through the 115
exciter-armature maybe regulated, and inas-
much as the regulating elTect of this current
on the exciter varies with the strength of the
current the arrangement indicated furnishes
a convenient means for manual regulation, 120
or even for automatic regulation.
Figs. 0, 7, and 8 are intended to be explana-
tory of what I at present conceive to be the
mode of operat ion of this method of regulat-
ing dynamo-electric machines. In those fig- ' 125
ures, 1, 2, 3, and 4 represent the field-i)oles of
the exciter, which are alternately of a north
and south polarity, as indicated. T), 0, 7, and
8 represent poles on the exciter-armature,
wliich, it is assumed, is to rotate across the 130
field-poles lo the left, as is indicated by the
arrow. The alternating currents are tajiped
into the armature, proferalfly so that the po-
larities induced in the poles are of opposite
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sign to the adjacent field-poles, as represented
by s n, and the adjustments are such that
these polarities become a maximum just be-
fore the armature-poles stand opposite to the
5 adjacent field-poles. With this arrangement
it is evident that the field-poles 1, 2, 3, and
4 will be strengthened by the polarities in-
duced in the adjacent armature -poles and
that this strengthening effect will become
10 more or less great asvariations in thestrenglh
of the armature-current strengthen or weaken
the armature-i)olarities, thus giving a com-
pounding effect to the exciter, and indirectly
to the main alternator, which corresponds
15 with the current generated in the main alter-
nator. If, now,thecurreutlags, the polarities
induced in the armature will reach a maxi-
mum an instant later than when the currents
are in phase, as is assumed to be the case in
2o Fig. G. Hence at the time the annature-po-
larities reach their maximum the j)oles 5, 6,
7, and 8 will be more nearly in line with the
poles 1, 2, 3, and 4, thereby strengthening the
field-poles to a greater degree and raising the
25 potential of both the exciter and main ma-
chines. This is shown in Fig. 7. If, on the
other hapd, the current leads, the armature-
polarities will reach a maximum when the
poles 5, 6, 7, and 8 are less in line with the
30 corresponding field-poles, as indicated in Fig.
8, and_^^ their strengthening effect upon the
field-poles will be less than in the position
shown in Fig. G. In this way the potential of
the exciter is automatically lowered and the
35 potential of the main machine lowered corre-
spondingly. It will be seen that the amount
and character of the compounding depends
upon the relative proportioning of the various
parts, &c., and upon the angle at which the
40 main circuit enters and leaves the exciter-
armature.
It is obvious that the novel features herein
described, and referred to in the claims, are
applicable to multiphase machines and sys-
45 tems, as well as to the single-phase machines,
and by reason of the complication of the com-
pounding arrangement in multiphase sys-
tems are even more desirable. In such cases
the arrangement shown in Fig. 1 is extremely
50 desirable and may readily be adopted, the
only differences being such as would exist in
the machine itself, the armature-winding A
beirig branched into several coils and the con-
nection from the exciter being made to the
55 coTJffnon connection or junction, or, rather,
the exciter-armature may be made to serve
the purpose of this common connection or
junction.
Where I refer to parts as being "con-
60 nected," it may mean either directly con-
nected or connected through transformation.
The term "commutator" is also used in a
broad sense as a rectifying device, and should,
when so used, be taken to include both the
65 commutator proper and the brushes cooper-
ating with the same, and, furthermoi*e, in
using the term "alternating" I mean to in-
clude m ultiphase alternating cu n ents as well
as single-phase currents, since I do not mean
to limit the claims in this case to the single- ;o
phase currents, but, on the contrary, I aim
to include multiphase systems witliin the
scope of the claims.
I have employed in the claims the term
" alternating-current machine," and I mean 75
to include in that term any synchronizing al-
ternating machine, whether generator, syn-
chronous motor, rotary transformer, or com-
pensator, either generating, utilizing, or con-
ti'oUing alternating currents of one or many 80
phases, the modifications attending the em-
plojnnent of my improved method in such
cases being apparent to electrical engineers
—
such, for instance, as that compensation for
lead and lag in the current is reversed in a 85
synchronous motor with reference to the di-
rection of compensation in a generator.
What I claim as new, and desire to secure
by Letters Patent Of the United States, is
1. The combination of an alternating-cur- yo
i-ent generator, an exciter having an arma-
ture and field-magnet independent of the cor-
responding elements of the generator, means
for driving said exciter, and means for super-
posing upon the current in .the armature of 95
the exciteracurrentof a magnitude and phase
varying in accordance with the magnitude and
phase of the current from the main generator,
and thereby regulating the said main gener-
ator both for inductive drop and resistance too
drop.
2. The combination with an alternating-
current generator of an exciter therefor, and
means for superposing upon the current in
the armature of the said exciter a current 105
varying in magnitude and phase in accord-
ance with the current in the main generator,
the connections by which the said current
enters and leaves the exciter-armature being
made at such points that any increase in the no
lag of the current in the main circuit will add
to the exciter-voltage.
3. The combination of a dynamo-electric
machine,comprising field-magnets and a com-
mutated armature having a single armature- 1 15
winding,with a source of alternating currents,
and means for passing through said armature
alternating currents from said alternating
source, whose alternations are synchronous
with the magnetic phases induced in said ar- 120
mature by its field-magnets, si,ibstantially as
set forth.
4. The combination of a dynamo-electric
machine having an armature which revolves
in a magnetic field, a source of alternati^jg 125
current, and means for conneetingsaid source
of current with the armature-winding of said
dynamo-machine at such points that the po-
larities induced in the armature by the alter-
nating current are of opposite sign to the ad- 130
jacent field-magnet poles and somewhat ahead
of the magnetization induced in the armature
by its own field-magnets, substantially asset
forth.
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•5. The combination with the field-magnets
.. i armature of an alternating-current ma-
chine of an exciter-machine comprising
armature, field-magnets and a commutator,
5 the commutator being connected to the arma-
ture - winding of the exciter and delivering
current to the field-magnet systems of both
the main alternator and exciter, and connec-
tions from the armature of the main alter-
o nator to that of the exciter for passing the
current of the main machine through the ar-
mature of the exciter, substantially as set
forth.
6. The combination of an alternaiing-cur-
5 rent dynamo -electric machine, with an ex-
citer having a com mutated armature connect-
ed with the field-coils of the main machine,and
a transformer whose windingsare respectively
in circuit with the external circuit of the main
o machine and with the armature of the exciter.
7. The combination of aji alternating-cur-
rent dynamo-electric machine, with an ex-
citer-machine, and inductive apparatus con-
nectingindirectly the armature-circuits of the
5 two machines, and means for varying the cur-
rent through said inductive apparatus, sub-
stantially as set forth.
8. The method of regulatingan alternating-
current dj'namo-electric machine which con-
o sistsin causing the main current to strengthen
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the exciting-current with an increase of lag,
and to weaken it with an increase of lead.
0. The method of regulatingan alternating-
current dj^namo-electric machine, which con-
sists in automatically increasing its internal 3
electromotive force with any positive increase
of lag of the current passing through the ma-
chine, and decreasing its internal electromo-
tive force with any negative increase of lag.
10. The method of regulating a dynamo- 4
electric machine, which consists in automat-
ically increasing its field-magnet excitation
with any increase of load and with any in-
crease of lag, and decreasing its field-magnet
excitation with any decrease of load and witli 4
any decrease of lag.
11. The combination with a dynamo-elec-
tric machine, of a .source of current suppl}'-
ing exciting-coils on its field- magnets, and
electroresponsive means controlled by thecir- 5
cuitof the machine for increasing the exciting-
current with an increase of lag or a decrease
of lead, and decreasing it with a decrease of
lag or an increase of lead.
In witness whereof I have hei eunto set my 5
hand this 24th dav of October, lS'.>-i.
EDWIN WILHUU RICV:, Jr.
Witnesses:
B. B. Hull,
C. L. Haynks.
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To all whom it may concern:
Be it known that we, Maurice HuTiNand
Maurick Leblanc, citizens of the Republic
of France, and residents of Paris, France,
5 have invented certain new and useful Im-
provements in Apparatus'for Exciting Alter-
nating-Current Dynamo-Electric Machines,
of which the following is a specification.
The object of this invention is to improve
lo upon the system of alternating-current ex-
citation or regulation which has been pat-
ented to us under No. 630,233, dated August
1, 1899, and to which patent we hereby refer.
In this prior patent there is an alternator
15 consisting of afield and an armature. There
is, furthermore, an exciter, which in the spe-
cific case shown comprises a movable field
M, which is in shunt with the circuits of the
exciter-armature, or, what is the same thing,
20 in shunt with the network of circuits which
the alternator supplies, and there is another
movable field L, at right angles to" the field
first mentioned, the circuits of which are in
series with the armature-circuits of the alter-
25 nator. There is in addition an armature-cir-
cuit A on the exciter, which is wound about
the two movable field-circuits and which has
its successive sections tapped to a commuta-
tor C, as is common in continuou.s-current
30 machines. The two movable field- circuits
and the armature-circuit, which constitute a
single mechanical structure, revolve within
an exterior iron ring S, which merel}' acts to
close the magnetic circuit of any magnetic
35 flux which may be engendered. There are no
true field-windings on this iron ring— that is
to saj% no winding producing a flux at the
angle required for a true field. There is,
however, a winding on this field-ring which
40 in ihe patent is called a "compensating" wind-
ing T and which compensating windingcan be
no better described than by saying that it is,
in ef?ect,a negativearmature-winding produc-
ing a flux at right angles to that which would
45 be required in the case of a true field-winding
and acting to compensate for or counteract the
counter magnetomotive force due to armature
reaction. The compensating winding T just
referred .to is mounted in series with the
50 brushes D on the commutator, and these in
turn are placed in series with the field-wind-
ing E of the alternator. When now the two
movable field-circuits of the exciter are wound
in accordance with the provisions of our prior
patent just referred to, it is found, as is shown 55
in the patent, that a perfect system of excita-
tion and regulation is produced—that is, the
current which is supplied from t he armature-
circuits of the alternator to the movable field-
circuits of the exciter uuder the varying con- 60
ditions of load and current lead and lag will
cause this exciter, and through it the brushes
resting on its commutator, to supplj' such cur-
rents to the alternator-field as will produce
a mathematically-perfect regulation. Fur- 65
thermore, as was fully shown in this patent,
when a number of these alternators and ex-
citers are used in the same network, having
once been put in step therewith they will
never again fall out of step. This is due to 70
the fact that if a given alternator is running
in .synchronism with the sj'stera the brushes
on the commutator of the exciter will supply
continuous current to the alternator-field. If,
on the other hand, the alternator is running 75
at a departure from synchronism, then the
brushes of the exciter will no longer supply
continuous current, but will supply alternat-
ing current to the exciter-field of a frequency
which exactly compensates for the departure 80
from sj'nchronism ; but it was necessary in
our prior patent that mechanical or electrical
gearing be employed to compel the exciter to
turn in synchronism with the alternator.
Such electrical gearing as was suggested in 85
the patent might be a synchronous motor.
Thus if one supposes that the exciter and the
alternator of the patent have the same num-
ber of poles it would be necessary to mount
them both on the same axis, so that their mu- 90
tual connections should always remain the
same whatever be the condition of operation
of the system. This solution, however, can
only be applied in case the alternator has a
feeble polarity and turns with a great veloe- 95
ity. It will not be practical if the alternator
has small angular velocity, for in such case
the exciter, turning with the same small ve-
locity, would have to have unreasonably large
dimensions. Should the number of poles in 100
the exciter and alternator differ, in which
case the angular velocity of these machines
would differ, a train of gearing may be em-
ployed, as is indicated in the patent. This,
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however, is also somewhat inconvenient, es-
pecially when it is intended to supply' the new
exciter to an existing alternator, in which
case there will be no pi'ovision for the estab-
5 llshraent of this train of gearing. It is there-
fore manifestly advantageous to suppress all
mechanical connection between the alterna- I
tor and exciter and, if possible, to have the
j
exciter keep in synchronism witli the alter-
lo nator of its own accord. This is the prob-
lem the solution of which forms the basis of
the present invention.
As we have above indicated, a winding T
is used on the exterior iron ring of the ex-
15- citer of our previous patent, which generates
a flux in a direction and of an amount nec-
essary to neutralize the armature reaction.
This fixed or compensating coil, which is in
.series with and is therefore traversed by the
?o current issuing from the brushes which rest
on the commutator of the exciter, produces
a magnetizing force which is equal to but of
opposite sign with that which tiie .same cur-
rent develops in traversing the movable cir-
25 cuit of ihe exciter branched between the con-
tacts of its cammutal or. This may be stated
in still another way by saying that the con-
tinuous or alleriMtiiig current of low fre-
quency which issues from the brushes of the
30 exciter engenders no flux in the movable ar-
mature of the exciter. INlanifestly this con-
dition wili only be fulfilled if the number of
turns in the llxed or (iompeusating coils of
the exciter have definitely - defined values,
35 and if the position which they occup^^ around
the fixed ring of the exciter tends to produce
fi field not at right angles to it, but in the same
direction as that produced by the armature.
This was the condition aimed at and produced
40 in our prior patent. We now suppose that
tliesc conditions no longer prevail and that
the compensating coilsof the exciter develop
not only the fiux which they have hitlierto
developed, but also a flux which will make
45 an angle of ninety degrees therewith if the
macliine has two poles and an angle of if
it has 2 ti poles— t hat is, we sui)pose that an-
other circuit is added to the compensating
5"^ circuit of the exciter of the patent and in .se-
ries tlieiewith, which, put in another way,
means that we now employ a field windingon
llie stationary ring of the excitei" which de-
velops, first, a Mux in the sanie diiection as
55 but of opposite sign with that dev»'lo[)ed by
tlie armjiture, llius compensating for arma-
ture reaction, and, second, a flux at right an-
gles tlieretf), which is the ti'in; field finx tend-
ing lo drive the armature. In these condi-
tio lions the current, coming from the bruslies
of the exciter will devlop in the fiehl of the
exciter a flux which is constant and fixed in
Hfiace if llie cnrienl> are continuous, ora flux
of constant iiitensily, but tnrninir wilh the
65 tr
voloeili' of if the r'urrenfs are nlfeinating
n
and of a freqnohcy^r and if ihe maeliint; has
2 n poles. Assuming the exciter to turn syn-
chronously with the alternator whose field-
circuit it supplies, we find that in the first 70
ease the alternating currents which proceed
from the alternator of this machine and which
traverse the movable field-circuits of the ex-
citer themselves develop a flux of constant
intensity and fixed in space. In the second 75
ease thej' determine a flirx of constant in-
tensity, bnt turning in space with a velocity
of ~. Jn either case, therefore, there will be
produced a couple upon the axis of the ex- 80
citer the amount of which depends upon the
amount of the fluxes engendered by the fixed
and moving circuits of the exciter and upon
the angle which their directions make. The
exciter when once sjmchronized will thus con- 85
tinue to turn in each of the two cases speci-
fied in the last pai'agraph with the same ve-
locity as the alternator. The field-circuits
of the alternator in the first case will be sup-
plied with constant current and in the second 9°
case with alternating currents of low fre-
quency. On the other hard, the movable
field-circuits of the exciter will be supplied
from the armature-circuits of the alternator
with alternating current. The fir-st case, in 95
short, as was fully pointed out in the patent,
is that in which the alternator acts as a syn-
chronous machine. The second case is that
in which the alternator acts as an asj'nchro-
nous machine. The exciter may then be com- ^00
pared to a rotary ti ausformer which receives
alternating current of a definite frequency' in
its movable field-windings from the multi-
phase armature-circuits of the alternator and
which supplies in turn either a continuous or 105
another alternating current of low frequency
from the brushes I'csting on its commutator
to the alternator-field and of such an amount
as to produce a perfect regulation.
It is quite clear, in order that the electro- "°
motive force developed between the commu-
tator-brushes of the exciter may always re-
main proportional to the intensity of the re-
sulting flux developed by the alternating cur-
rents coming fi om the armature of the alter- "5
nator whicli t raverse \ho movable field-cir-
cuits of the exciter, that the number of turns
of the fixed field-circuit of the exciter, which
has just b(>en described, may bo so small as
not to overpower the movable field. If this
now fixed field on the exciter, which bot]i
compensates for armature reaction and sup-
pliers the field llux for driving the machine,
is so strong as to overpo\V(!r the effect of the
movable field-(rircuits of the exciter, and thus '^5
makes the exciter act like an ordinary series-
wound motor, it is evident that the effect of
the t wo movable cir(!uits of the exciter would
be swami)ed. We have found that this ex-
citer or rotary I ransformer (!xcited as we have '3"
described enjoys n remarkable properly,
whicli we have discovered by calculation and
have verified by experiment. Wo Hhall not
atl<!mpt to give the inathonmlical formulain
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accordance with which this discovery is
proved. They are too complex to be adapt-
ed for this purpose. We ineroly state that
we have proved that whatever be the varia-
5 tion of the action of the exciter, and iu con-
sequence the variation of the resisting couple,
developed upon its axis under various condi-
tions of load and current lead and lag in the
alternator, not only will this exciter turn syn-
lo chronously with the alternator which it sup-
plies, but the respective connections of their
axes remain as invariable as if they were con-
nected by the intermediary of a train of gear-
ing. It remains that nothing is changed in
15 the operation of the exciter, even although
the mechanical connection between it and
the alternator Which it supplies is suppressed.
While we have spoken of certain fields as
"fixed "and others as "movable," it is to be
20 understood that this has been done for con-
venience of description and that, as is well
known, the circuit arrangements may be so
changed that the fixed and movable parts be-
come interchanged.
25 In the drawings, Figure 1 is a central sec-
tion of our improved exciter. Fig. 2 is an
end elevation thereof. Fig. 3 is. a diagram
of the circuit connections of the exciter and
alternator. Fig. 4 is another diagram of the
30 same. Fig. 5 is a diagram of the alternator
connections, and Fig. 6 is a diagram of an
equivalent type of alternator.
We uave used, so far as it has been possi-
ble, the same letters and figures of reference
35 on the. present drawings as were used in our
prior patent. It becomes, then, a compara-
tively-easy matter to understand our improve-
ment from the present illustration. Taking,
for instance. Fig. 4, we find the rotary part
40 of the exciter carrying the multiphase field-
winding L and the multiphase field-winding
M. Multiphase taps from these windings are
taken to rings N' N^and N^N", respec-
tively. There is an armature-winding of the
45 continuous-current type A, which has its sec-
tions tapped to the commutator C, on which
bear brushes D' D'^ to There is a field-
winding T^ acting in conjunction with the
movable field-winding L and another field-
50 winding T^ acting in conjunction with the
movable field-winding M. The field-windings
T^ and T' are in series with each other and
also in series with a pair of brushes D' D*,
which in turn are mounted in series with the
55 field-winding E of the alternator. From the
brushes which bear upon the rings N' to
lead wires 10 11 12 and 13 14 15, respoctivelj'.
We may, for the purpose of properly reducing
the tension, insert a transformer V in one
60 set of these wires and a transformerV in the
other set of wires, as is indicated in Fig. 3.
We also insert a switch in each wire and op-
erate the set of switches by the common bar
or handle I. Lamps I or indicating devices are
65 placed in shunt of one each of these switches
to show whether the phases of the currents
coincide. For the purpo.se of compensating
for auy slight or accidental lack of regulation
we employ an impedance-coil Y in the wires
13, 14, and 15 and a rheostat M' in the wire 4, 70
which is in series with the alternator-field.
We note that the inductors or field-wind-
ings T^ T'^ are constructed in the ordinary
fashion and are shown in Fig. 2 to have six
poles. Their bobbins have resi)ectively the 75
same number of turns, but the core of the
winding T^ is smaller in section than that
of the winding T^. This permits us to give
difl!erent permeabilities to the magnetic cir-
cuits of the winding T^ T^ and thus to deter- 80
mine that the smaller core shall first become
saturated. We note, further, as is apparent
from Fig. 3, that the field-windings L are de-
phased ninety degrees with reference to the
field-windings M. We also use a magnetic 85
screen in the form of a squirrel-cage e, ar-
ranged within the magnetic field of the ex-
citer. The presence of this magnetic screen
has the effect of insuring the synchronous
movement of the exciter and permits us to 90
employ the same framework of the machine
whether it is desired to excite an alternator
for single-phase currents or an alternator for
polyphase currents. The position of the
brush-carrier about the commutator is as- 95
sumed to be adjustable.
It is seen from what has been said that
we have reproduced substantially the system
shown in our prior patent, with certain addi-
tions. The armature-coils G',G^and G^supply 100
alternating current to the field-windings L M
of the alternator, the field L being in series
with the circuits of the alternator-armature
and the field-circuits M being in shunt rela-
tion to the armature-circuits of the alternator, 105
or, what is the same thing, in shunt with the
network 7 8 9 of the system. The field-wind-
ings L M are not only dephased with relation
to each other, but are so wound as to produce
the proper vector summation of electromo- 110
tive forces, one of which is proportional to
the load and the other to the pressure at the
machine-terminals or at any other desired
point on the line.
In case the alternator is running in .syn- 115
chronism with other alternators of the sys-
tem, a continuous current will be supplied
to its fields E from the brushes D' which
will be exactly of the intensity required to
produce perfect excitation. This same cur- 120
rent also traverses the field-windings T^ T^of
the exciter and there acts to produce a flux
which exactly compensates for the armature
reactions of the exciter, and another flux, at
ninety degrees therefrom, which acts to drive 125
the armature. In case but a single field-
winding T^ T^ is used on the exciter it is
seen that if the brushes on the commutator
are set equidistant from adjacent poles none
of the flux developed by these poles will be 130
available for neutralizing armature reaction
or opposing the magnetomotive- force of the
secondary armature-winding. On the con-
trary, if the brushes be set with a displace-
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meat of ninety magnetic degrees or opposite
field-pole centers all of the magnetic flux en-
gendered by these poles will be available for
suppressing armature reaction or canceling
5 the magnetic flux due to the secondary ar-
mature-currents, although such poles would
at the same time be rendered unavailable for
driving purposes. At some point between
tlicse two positions we have discovered and
10 proved by an exhaustive calculation there is
a position of the brushes which gives the de-
sired combination of a component magneto-
motive forc'e neutralizing armature reaction,
together with a component magnetomotive
15 force for driving the armature. The same
effect might be produced hj having brushes
set midway between the poles and auxiliary
field-coils, midway between those shown, said
auxiliary field-coils being charged with the
20 sole duty of neutralizing the secondary-arma-
ture magnetomotive force. Such an arrange-
ment, however, would naturally be inferior,
both mechanically and electrically, to that de-
scribed in the preceding paragraph. In case
25 a single field-winding is used, the two fluxes,
one of which neutralizes the armature reac-
tion and the other of which acts to drive,
may be considered as the components in lines
at right angles to each other of a single liux.
30 Tlie remarkable thing which we have proved
is that if the brushes are fixed once for all so
that there shall be no sparking npon the
commutator then the correct position of the
brushes has been attained and will remain
35 attained during the entire operation of the
system under all of its A'arying conditions.
Sliould tlie alternator not be running in syn-
chronism with the other alternators of tlie
system, then the brushes D' D**, instead of
40 supplying a continuous current to the alter-
nator-field E, will supply a slowl^'-alternat-
ing current thereto having a frequency equal
to the slip, the effect of which will be to sup-
ply alternating currents of the proper fre-
45 qucncy to the exciter-fields L ]M, so as to keep
the parts in step. This has all been so full}'
described in our prior patent that it would be
a mere repetition to state tlie same tiling again
in this place.
50 It is to be understood that the slip-rings
and ImusIicm in tlie respective movable cir-
cuits of the alternator and exciter have not
been sliown in Fig. 3, although they liavo
been shftwn in Fig. 1.
55 In oidfM- to more fully disclose llio arma-
ture-windingof the alternator, wo have added
Fig. r>, in whi.li the wires 10 II 12 n 14 15
ar«j shown as leading to liruslies H' IP IF IP
II'' IT", and tlius in turn to the teiminals of
60 llu! arnial ur(!-coils (i' Ct'^ ('>". In I''ig. d wo
have sliown thf! armal ure-circuKs to which
tl)(! wires 10 II 1-', ttc., h'ad as fixed and the
field-circuit K to \\lii«'li tlio wii«;s I I lead as
movable,
65 III onler to sfnit the sysl<'iii., wo use a coii-
f iiiiioijK-ciirioiit ni.-icliine .1-, linviiig lis field
in series with the armature thereof and
having a resistance m' in shunt about this
armature. This continuous-current machine
P should be capable of exciting the alterna- 70
tor when it has nothing to do but to drag
along, its exciter operating as a sj'nchronous
motor. The continuous-current machine
may tjhen be of very small dimensions, and as
it need only be used at the moment of starting 75
a single machine may serve for all the alter-
nators at the central station. It is seen that
this continuous-current machine, which we
call the "provisional exciter," is mounted in
series with the field of the alternator. 80
In order to start the system, we first open
the switch I. We then excite the alternator
with continuous currents from the provisional
exciter. At the same time the exciter-field
is fed with continuous currents. The alter- 85
nator-arinature is gradually brought up to
speed. The exciter, which now acts like a
constant-current motor, is also brought up to
speed by manipulating the rheostat ni^ in
shunt about its brushes. Any lack of corre- 90
spondence in sj'uchronism between the al-
ternator and exciter is shown by the lamps
1 1. When synchronism, as shown by these
lamps, has been attained, the switches I are
closed, and the exciter will continue to turn 95
in synchronism with the alternator. One
then gradually suppresses the shunt about
the brushes of the exciter and at the same
time places in short-circuit the field-winding
J" of the continuous-current machine. These too
two operations having been simultaneously
effected, the provisional exciter is completely
short-circuited by the switch J and is thus
eliminated from the system.
VVehave fully described in our prior patent 105
the difference which exists between the syn-
chronous and asynchronous types of alterna-
tors. Manifestlj' the same remarks might be
made at this point. If the exciter of this ap-
plication should bo used to supply asynchi'o- 1 10
nous alternators, wo should have to replace
its continuous-current field by the field of a
rotary-field machine having as many circuits
as the alternator has inducing-circuits. In
starting we should provisionally transfer the 115
asynchronous alternator into an ordinary al-
ternator. We would speed up the alternator
and pxoiter by sending continuous current
from the i)r()visional exciter into a single one
of the field-circuits of the alternator and 120
through a single circuit traversing a pair of
brushes resting on the commutator of the
exciter—that is, we should st art the asynchro-
nous inadiino by converting it for the mo-
ment into a synchronous inachiiio. 125
In Older to i)rovide for any accidental or
nilMutcdcparlure from perfectregulation, wo
should in tlio case of such a synchronous al-
ternator employ as manj^ rheostats M' as the
all(!rriator carries inducing-circuits, and we 130
should make these rlieosl,als simullaneously
iiiovablo.
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It will be seen in this application, as was
true in our patent, that the currents of the
two fields of the exciter L M niakea vector an-
gle equal to the complement of the angle of
5 lag, and that the electi'omotive forces pro-
duced by these fields are respectively pro-
portional to the load and to the pressure at
any desired point of the line. It is also evi-
dent that one exciter-field is practically con-
lo stant in magnitude and phase, and the other
varies in magnitude and phase with the cur-
rent in the alternator-armature, as in our prior
patent. Putting this in a different way, it is
seen that the regulation of the exciting-cur-
15 rent is accomplished by the series winding
L and shunt-winding M and the fluxes pro-
duced thei'ebj'. The magnitude of these
fluxes under any particular conditions of
voltage and load may be fixed hy suitably
20 proportioning the windings, as explained in
our patent, while the phase difference which
is to normally exist between them maybe de-
termined by properly making the connections
from the ring N'N^ toNHo the coils LM. The
25 angle between the two magnetic fluxes, due
to the shunt and series field windings, re-
spectively, of the exciter must be the com-
plement of the angle of lag. Consequentlj'
normally when the angle of lag is zero the
30 angle between the fluxes must be ninety de-
grees, and one way of accomplishing this is
by tapping the shunt-winding M at points
which are ninet}' degrees from the tapping-
point of the series winding L. If now two
35 alternating currents which are in i)hase with
each other traverse the series and shunt wind-
ings, respective!}', Ave may for convenience
in drafting our claims speak of this as the
normal condition. The two fluxes produced
40 bj' them, whether rotary or not, will be in quad-
rature, so that the electromotive forces which
produce them may be said to be normally act-
ing in quadrature. If the series current lags,
the angle between the two fluxes will be less
45 than ninety degrees, but always equal to the
complement of the lag. The circuits are de-
signed as in our prior patent. No. 630,233, so
that the vector summation, both as to its an-
gle and as to its magnitude, shall be proper
50 in amount for perfect excitation. It is also
true in this application, as in our prior pat-
ent, that our exciter maj' be looked upon as a
rotary transformer receiving alternating cur-
rent into its field-windings L M and deliver-
55 ing constant or slowly-alternating currents
into the circuits leading from the brushes rest-
ing on its commutator.
What we claim is
—
1. An exciter foran alternating-current ma-
60 chine having its field magnetism supplied by
two relatively-moving elements, the one hav-
ing dephased alternating excitation,the other,
in the armaturc-circuitof theexciter., produc-
ing a driving-flux and a flux compensating
65 for armature reactions, substantially as de-
scribed.
2. An exciter for an alternating-current ma-
chine having its field magnetism supplied by
two relativeh'-raoving elements, the one hav-
ing dephased multiphase excitation, the other, 7c
in the armature-circuit of theexciter, produc-
ing a driving-flux and a flux compensasing
for armature reaction, substantial I3' as de-
scribed.
3. Anexciter foran alternating-currcntraa- 75
chine having a pair of normally-dephased al-
ternating-current field-windings, a driving-
field winding and an armature- winding sub-
ject to the conjoint influence of the three
fields, substantially as described. 80
4. An exciter foran alternating-current ma-
chine having its field magnetism supplied by
two relatively-moving elements, the one hav-
ing dephased alternating-cufrent excitation
producing a vector summation of electromo- ?$
tiVe forces proportional to the load and to the
pressure at the machine -terminals respec-
tively, the other in the armature-circuit of
the exciter producing a driving-flux, substan-
tially as described. go
5. An exciter for an alternating-current ma-
chine having its field magnetism supplied by
two relatively-moving elements, the one hav-
ing dephased alternating-current excitation
producing a vector summation of electromo- 95
five forces proportional to the load and to the
pressure at the machine -terminals respec-
tively, the other in the armature-circuit of
the exciter producing both a driving-flux and
a flux compensating for armature reaction, too
substantiallj' as described.
6. An exciter foran alternating-current ma-
chine having a pair of dephased alternating-
current field-windings^ a driving and arma-
ture-reaction-compensating field winding and 105
an armature-winding subject to the conjoint
influence of the three fields, substantially as
described.
7. An exciter for an alternating-current ma-
chinehavingapairof dephased, multiphased, 11©
alternating-current field windings, a driving-
field winding and an armature-winding sub-
ject to the conjoint influence of the three
fields, substantially as described.
8. Anexciter foran alternating-current ma- 115
chine having a pair of dephased, multiphased,
alternating-current field-windings, a driving
and compensating field winding and an arma-
ture-winding subject to the conjoint influence
of the three fields, substantially as described. 120
9. An exciter for an alternating-current ma-
chine supplied by two relatively-moving ele-
ments, the one having dephased, multiphase,
alternating-current excitation producing a
vectorsummation uf electromotive forces pro- 125
portional to the load and to the pressure at
the machine-terminals respectively, the other
in the armature-circuit of the exciter produc-
ing a driving-flux, substantially as described.
10. An exciter for an alternating-current 130
machine having its field magnetism supplied
by two relatively-moving eiements, the one
having dephased multiphase alternating-cur-
rent excitation producing a vector summa-
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tiou of electromotive forces proportional to
the load and pressure at the machine-termi-
nals respectively, the other in the armature-
circuit of the exciter producing both a driv-
5 ing-flux and a flux compensating for arma-
ture reactions respectively, substantially as
described.
11. The combination with an alternating-
current machine and an exciter mechanicall}'
lo disconnected therefrom which of its own ac-
cord runs in synchronism therewith, the ex-
citer having three independent field-circuits,
the windings of one of which are in series
with the armature of the alternator, tlie wind-
iS ingsof anotlier being in shunt therefrom, and
the windingsof the third producing adriving-
flux, substantial!}' as described.
12. The combination with an alternating-
current machine of an exciter mechanically
2o disconnected therefrom which of its own ac-
cord runs in s^'nchronism therewith, the ex-
citer having three independent fields pro-
duced by iaidependent field-circuits, one of
which is practically' constant, the other is
25 variable with the currents in the armature of
the alternator and the third of which pro-
duces a driving-flux, substantially' as de-
scribed.
13. The combination of an alternating-cur-
30 rent machine and an exciter therefor com-
prising a series and a shunt coil, a generat-
ing-coil in inductive relation with botli and a
driving-field and armature-reaction compen-
sating coil, substantially as described.
35 14. The combination of an alternator and
an exciter therefor comprising three inde-
pendent fields, one field being practically
constant in magnitude and phase, the other
varying in magnitude and phase with a cur-
40 rent in the alternator-armature, tlie third pro-
ducing a driving-flux, and a generator-wind-
ing within the inductive infiuenceof all three
fields, substantially as described.
15. Tlie combination of an alternating-cur-
45 rent machine and an exciter therefor com-
prising a series and a shunt coil, a gonerat-
iiig-coil in inductive relation with both and a
coil i)roducinga di-iving-fiold and compcTisat-
ing for armature reaction, substantially as
50 described.
IG. The combination of an alternating-cur-
rent machine and an exciter therefor com-
prising a multijjhase series coil, a multii)liasc
shunt-coil, a general ing-coil in iinlucf ivc ro-
55 lation with both and a driving field coil, sub-
stantially as described.
17. 'J'lie comi)inati(>n of an alt(!rnator and
an exciter therefor compiising three inde-
pendent fi«!ldH, each j)rorluced by mulliphase
60 current, one field being practically constant
in magnitude anrl ph;ise, the other varying in
magnitude and phase with a current in the
aitcrnaf or-armature, ihf third producing a
r]i iving (lux, and a gcnerat ing-wi ruling within
65 the indiiclivo infiut.'iic(; of all t href fic'ds, sub-
Hlunlially as described.
IH, 'J'ho combination of an alternating-cur-
OSS
rent machine comprising a multiphase series
coil and a multiphase shunt-coil, a generat-
ing-coil in inductive relation with both and 70
a coil producing a driving-field, substantially
as described.
19. A rotary transforirer comprising two
primary windings each on a separate mag-
netic circuit, a secondary winding common to 75
both and connected to a commutator and
brushes, and a driving-field for rotating the
windings, substantially as described.
20. A rotary transformer comprising two
primary windings each on a separate mag- 80
netic circuit, a secondary winding common
to both and connected to a commutator and
brushes, and a driving-field in series with the
brushes for rotating the winding, substan-
tially as described. 8<5
21. An exciter for an alternating-current
dynamo-machine comprising in combination
means for creating a rotary field of constant
magnitude, means for creating a rotary field
varying in magnitude and phase wjth the va- 90
nations in volumeand currentsupplied by the
alternator, a gonerating-winding in the in-
ductive influence of both fields and a driv-
ing-field winding, substantially as described.
22. The combination of an alternator and 95
an exciter therefor comprising in combina-
tion means for creating a rotary field of con-
slant magnitude, means for creating a rotary
field varj'ing in magnitude and phase with a
variation of the currentsupplied by the al- 100
ternator, a generating-winding in the induc-
tive infiuence of both fields, and a winding
producing a driving-field and compensating
for armature reactions, substantially as de-
scribed. 105
23. The combination of an alternator and
an exciter therefor mechanically disconnect-
ed therefrom but of its own accord running
in sj'nchronism therewith, comprising in com-
bination means for creating a i-olary field of iio
constant magnitude, means for creating a ro-
tary lield varying in magnitude and phase
with the variation of the current sui)plied by
the alternal;or, and a winding producing a
driving-field. 115
21. The combination of an alternatoi- and
an exciter therefor mechanically disconnect-
ed therefrom but of its own accord running
in synchronism t herewith, comprising in com-
bination means for creating a lotary field of 120
constant magnitude, means for creating a ro-
tary field varying in magnitude and phase
with (ho variation of the (Mirrent sup|)lied by
the alt(5rnator, a generating-winding in in-
ductive infhi(5nce of both fields, and a wind- 125
ing producing a driving-field, substantially
as described.
2.'). 'i'ho combination of an alternator, an
exciter therefor and a provisional constant-
current exciter in scries with the fields of the 130
alternator and exciter, substantially as de-
scribed.
20. 'J'ho combi?iatlon of an alternator, an
oxcitor therefor and a provisional constant-
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current series-wound exciter therefor in se-
ries with the fiekls of tlie alterijator and ex-
citer, substantiallj' as described.
27. The combination of an alternator, an
5 exciter therefor and a provisional series-
wound exciter having its field-winding shunt-
ed by a rheostat, the provisional exciter be-
ing in series with the fields of the alternator
and exciter, substantially as described.
lo 28. The combination of an alternator and
an exciter therefor having field-circnits sup-
plied by the alternator-armature, an exciter-
field circuit in series with the alternator-field
artid a set of simultaneouslj'-moving switches
15 in the circuits leading from the alternator-ar-
mature to the exciter-fields, substantially as
described.
29. The combination of an alternator and
exciter therefor having field-circuits supplied
20 by the alternator-armature, an exciter-field
circuit in circuit with the alternator-field, a
set of simultaneously-moving switches in the
circuits leading from the alternator-armature
to the e"xciter-field and indicating devices in
25 shnnt of the switches, substantially as de-
scribed.
30. The combination of an alternator, an
exciter therefor having a field-circuit in se-
ries with brushes resting on the commutator
30 of the exciter, a rheostat shunting these
brushes and a i)rovisional constant-current
exciter in series with the fields of the alter-
nator and exciter, substantially^ as described.
31. The combination of an alternator, an
35 exciter therefor having a field-circuit in se-
ries with brushes resting on the commutator
of the exciter, a rheostat shun tin": these
brushes, a set of switches in the circuits lead-
ing from the alternator-armature to the ex-
40 citer-fields and a provisional constant-cur-
rent exciter in series with the field of the al-
ternator and a field of the exciter, substan-
tially as described.
32. An exciter for an alternating-current
45 machine supplied by two relatively-moving
elements, the one having dephased, alternat-
ing-current excitation producing a vector
summation of magnetomotive force, normally
at-an angle, proportional to the load and to
50 thepressureat the machine-terminals respec-
tively', the other in the armature-circuit of the
exciter producing a -driving- Hux, substan-
tially as described.
33. An exciter for an alternating-current
55 dynamo-machine comprising means for creat-
ing a rotary field of constant magnitude,
means for creating a rotary field, normally
at an angle to that last specified, varying in
magnitude and phase v.ith tlie variations in
60 volume and current supplied hy the alter-
nator, a generating-winding in the inductive
influence of both fields and a driving-field
winding, substantially as described.
34. An exciter comprising two associated
65 rotary-field primary windings, a .secondary
winding common to both,the tnree forming a
mechanically-connected system, and a fourth
winding in relative rotation thereto, which
serves to cancel the magnetomotive force of
the secondary winding and to supply deter- 70
niinate poles to maintain the apparatus in mo-
tion, substantiallj' as described.
35. Tlie combination of an alternator and an
exciter therefor, mechanically disconnected,
therefrom but rotating in synchronism there- 75
with, comprising a field constant in magni-
tude and phase, a field normally at an angle
thereto varying in magnitude and phase with
a current in the altei nator-armature and a
driving-field, substantially as described. 80
3C. The combination of an alternatorand an
exciter mechanically disconnected therefrom
but running in synchronism therewith, hav-
ing means for producing fields normally^atan
angle, means for producing a driving-field and 85
an armature-winding subject to the conjoint
influence of the three fields for supplying the
alternator, substantiallj^ as described.
37. The combination with an alternating-
current machine and an exciter mechanically 90
disconnected therefrom which of its own ac-
cord runs in synchronism therewith, the ex-
citer having means for producing a field of
constant magnitude and phase, means for pro-
ducing a field normally at an angle to that 95
specified varying in magnitude and phase
with a current in the alternator-armature and
means for producing a driving-field, substan-
tially as described.
38. The combination witli an alternating- 100
current machine and an exciter mechanically
disconnected therefrom which of its own ac-
cord runs in synchronism therewith, the ex-
citer having means for producing a field of
constantmagnitudeand phase, means forpro- 105
ducing a field normally at an angle to that
specified varying in magnitude and phase
with a current in the alternator-armature and
means producing a driving-field and compen-
sating for armature reaction. 110
39. The combination of an alternator and an
exciter mechanically disconnected therefrom
but running in synchronism therewith, which
exciter delivers to the field-winding of the al-
ternator currents derived from the vector sum 115
of electromotive forces normally acting at an
angle, one of which is proportional to the cur-
rent in the armature of the alternatorand the
other to the pressure at a predetermined point
in the external circuit and means for produc- 120
ing a driving-flux for the exciter, substan-
tially as described.
40. The combination of an alternatorand an
exciter mechanically disconnected therefrom
but running in synchronism therewith, which 125
exciter delivers to the field-winding of the al-
ternator currents derived from the vector sum
of electromotive forces normally acting at an
angle, one of which is proportional to the cur-
rent in the armature of the alternator and the 130
other to the pressure at a predetermined point
in the external circuit and means for produc-
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ing a driviug-flnx for the exciter and for com-
pensating for armature reaction, substan-
tially as described.
41. Tlie couibination of an alternator and
5 »ii exciter mechanically disconnected there-
from but running in synchronism therewith,
having means for pi-oducing fields normally
at an angle, means for producing a driving-
field, and an armature-winding subject to the
lo conjoint influence of the three fields for sup-
plying the alternator, and means for neutral-
izing the armature reaction, substantially as
deseribed.
42. An exciter for an alternating-cui'rent
15 machine having its field magnetism supplied
by two relativelj'-moving elements, the one
having means for producing fields normally
at an angle, the otlier, in the armature-cir-
cuit of the exciter producing a driving-flux,
20 substantially as described.
43. An exciter for an alternating-current
machine having its field magnetism supplied
by two relatively-moving elements, the one
luivingmultipha.se excitation produced by the
^5 vector summation of magnetomotiv^e forces
normally at an angle, the other, in the arma-
tnre-circuit of the exciter, producing a driv-
ing-flux, substantially as described.
44. An exciter comprising two associated
primary windings, an armature-winding con-
nected to a commutator common to both, the
three forming a mechanically-connected sys-
tem, and a fourth winding in relative rota-
tion thereto which, l)y the adjustment of the
2S brushes on the commutator, serves to cancel
the magnetomotive force of the .secondary
j
winding and to supply determinate poles to |
maintain the apparatus in motion, substan- |
tiallj' fts de.scribed. I
45. The combination of an alternator and 40
an exciter therefor mechanically disconnected
therefrom but rotating sj^nehronouslj' there-
with, said exciter comprising two associated
primary windings, an armature-winding con-
nected to a commutator common to both, the 45
three forming a mechanicallj'-connected sys-
tem, and a fourth winding in relative rota-
tion thereto which, by the adjustment of the
bru.shes on the commutator, serves to cancel
the magnetomotive force of the secondary 50
winding and to supply determinate poles to
maintain the apparatus in motion, substan-
tially as described.
4(i. The combination of an alternator and
an exciter, said exciter having a field vary- 55
ing with the armature-current, a field nor-
mally at an angle thereto varying with the
pressure at a predetermined point of the sys-
te.ra,an armature-windingconnectedto a com-
mutator, and a single field-winding which, by 60
the adjustment of the commutator-brushes,
supplies component fluxes to drive the arma-
ture and to neutralize the armature reactions,
substantially as described.
In testimony whereof we have signed our 65
names to this specification in the presence of
the subscribing witnesses.
MAURICE UlTTIN.
MAURICE LEBLANC.
Witnesses as to Maui-icc llutin:
X. i;oYAN,
Henry J. AVehle.
Witnesses as to Maurice Leblanc:
Edward P. MacLran,
At.bert Delas.

No. 678,289.
(No Model.)
C. p. STEINMETZ.
COMPOUNDING ALTERNATOR.
(AppUcation aied Jan. 10, 1898.)
Patented July 9, 1901.
Iff/
B.2
JR
— G
V/jfslcsacs.
B^
United States Patent Office.
CHARLES r. STEINMETZ, OP SCHENECTADY, NEW YORK, ASSIGNOR TO THE
GENERAL ELECTRIC COMPANY, OF NEW YORK.
COMPOUNDING ALTERNATOR.
SPECIFICATION fonmng part cf Letters Patent No. 678,289, dated July 9, 1901.
Application filed January 10,1898. SerialNo. 666,229. (No model.)
To all whom it may concern:
Be it known that I,Charles P. Steinmetz,
a citizen of the United States, residing at
Schenectadj', county of Schenectady, State
5 of New York, have invented certain new and
useful Improvements in Compounding Alter-
nators, (Docket No. 590,) of which the follow-
ing is a specification.
Mj' invention aims to provide a suitable
lo method and means of regulating the electro-
motive force of alternating-current dynamo-
electric machines, so as to compound the ma-
chines, as for constant potential, either at the
brushes or at any desired point in the distri-
15 bution system irrespective of any changes in
load or in the phase relation between current
and electromotive force. A method and ap-
paratus accomplishing these results was dis-
closed in patent to E. W. Rice, Jr., No.
595,412, dated December 14, 1897.
My present invention consists in certain im-
provements upon the method and apparatus
disclosed in the said patent, designed par-
ticularly to avoid the large exciter of some-
25 what unusual design which is required bj'^ the
said invention.
In the drawings attached to this specifica-
tion, Figure 1 is a diagrammatic view of one
embodiment of my present invention. Fig.
30 2 is a similar view of a slightly-modified form.
Fig. 3 is an illustrative diagram explaining
the principles of the invention, and Fig. 4 is
a diagram of a further modification applica-
ble to polyphase machines.
35 Referring more particularly to Fig. 1, A is
the armature of the main alternator whose
electromotive force is to be regulated, while
B is its field-magnet winding. The alternator
in the form shown feeds current through rings
40 and brushes to the mains a h, which mains are
supposed to lead to the distribution system.
The field-magnet coils B are supplied with
current from the main exciter E, driven in
any suitable way—as, for example, by the
45 beltG.
The field-magnet windings B^ of the exciter
E are fed from the commutator F and con-
trolled by the resistance R, as usual; but in-
terposed in series with the field-magnet cir-
50 cuit is the armature A' of an auxiliary ex-
citer, which is so arranged as to be driven in
synchronism with the main alternator. For
example, the two machines—the main gener-
ator and the auxiliary exciter—may have the
same number of poles and may be placed 55
upon the said shafts or upon shafts mechan-
ically connected bj' the coupling C, or any
other arrangement may be used by which the
two machines will be maintained in rigid syn-
chronism, speaking from an electrical point 60
of view. Thearmature-winding A' of the aux-
iliary exciter is connected in series with the
armature A of the main machine and with the
mains a b, so that the current of the main ma-
chine passes through the armature of the aux- 65
iliary exciter. The connections are so made
that the electromotive force or potential dif^
ference created in the armature A' by the pas-
sage of the main alternating current there-
through shall be slightlj' in advance of the 70
electromotive force induced in the armature
A' by its relative rotation with the fields B'.
It will be seen that when no current passes
through the mains a h—that is to say, w^hen
there is no load on the main alternator—the 75
electromotive force of the current supplied to
the field-windings B- B- of the main exciter
will be the sum of the electromotive force due
to its armature E and the electromotive force
induced by the rotation of the armature A' of 80
the auxiliary exciter within its field-magnets
B'. The current due to this electromotive
force may be adjusted by means of the re-
sistance R to bring the field excitation of the
main exciter to such a value as to generate a 85
current in the circuit d e, leading to the field-
magnet coils B B of the main alternator, suf-
ficient to bring the electromotive force of the
armature A of the alternator to the point de-
sired. This is the no-load excitation. If 90
now a non-inductive load is thrown on the
main alternator, alternating current will pass
from the armature A through the armature
A' of the auxiliary exciter, which will have
the effect of increasing the electromotive 95
force upon the direct-current side of the aux-
iliary exciter. This will in turn, if the ma-
chines are properly designed, increase the
electromotive force of the main exciterE and
finally increase the electromotive force of the 100
main alternator sufficient to compensate for
the drop in its armature. If the machine is
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to be overcompounded, the desijiii will be
sucli that the rise in i^otential will be suffi-
cient to compensate not only for the drop in
the armature, but also for the drop in the
5 feeders up to a certain chosen point in the
distribution system.
Referring now to Fig. 3, in which the ar-
mature A' of the auxiliary exciter is shown
1 furnishing the sole current for the field-mag-
10 nets B- of the main exciter, m may be sup-
posed to be the polar line of the field-mag-
nets B', which field-magnets are preferably
xinsupplied Avith any exciting-winding, but
excited simply by the armature reaction. It
15 will then be evident that the line of maxi-
mum electromotive force when no current
flows in the mains a b will be the line n', ap-
proximately at right angles with the line m.
It will be seen that the mains a h connect
20 through the rings and brushes with two dia-
metrically opposite points in the armature-
winding A'. These two points are upon the
line which line represents the angular po-
sition of the exciter-armature corresponding
25 to the maximum point on the electromotive-
force wave of the main alternator and is
sliglitly in advance in the direction of rotation
of the line n' at right angles to the polar line m.
It appears, therefore, that any increase in
30 the lag of the current in the main circuit will
have the olfect of allowing the exciter-arma-
ture to revolve through a greater angle from
its middle position before the alternating cur-
rent supplied thereto reaches its maximum.
35 The lino l'^ may be supposed to represent this
position,which, as will readily be seen, is such
as to bring the magnetization of the arma-
ture more into line with the field magnetiza-
tion, thus acting to strengthen thesame. It
40 thus appears that uny increase in the lag of
the main current will cause a corresponding
increase in the excitation of the alternator.
On the other hand, anj' lead of the current
in the main circuit will cause the polar line,
45 due to the alternating current, to come to some
.such point as /', tending to reduce the exci-
tation of the main machine. The machine is
thus automatically regulated not only for
changes of load, but also for changes of lag
50 or lead in tiie main circuit.
'I'hough I have shown the main exciter as
a small generator, it will be obvious thatany
<Iynamic source of electromotive force may
!)(; adopt(;d to perform its functions.
55 In the foi iM .shown in J''ig. 2 the field-mag-
nct.s of the main exciter are excited by two
separate coils or sets of coils i!^ B'^ and B' J}''.
'J'he coils B ' are excited in sliuntto the arma-
ture K and regulated by the resistance IV
60 and furnish wliat maybe termed tlie"initial
excitation." 'J'he coils B^ ar-c; excited directly
from the armature A' of the auxiliary exciter
through the nssistance Jtand furnish the ad-
ditional or regulating excitation,
65 I''ig. 4 ']» a (liHgram showing the applicution
of my invention to polyphase machines. In
this figure the transformer T has its primary
coils in series with the mains a h c, supposed
to be the mains leading from the three-phase
generator to be regulated, while its second- 70
aries, shown here as Y-connected, feed the
armature A' of the auxiliary exciter through
rings and brushes. The armature A' feeds
the field-magnet windings B^, as in the form
shown in Figs. 2 and 3. The operation of 75
this device will be obvious from what has al-
readj^ been said. It will be noticed that the
electrical connection between the main arma-
ture A and the auxiliarj^ armature A' may in
any case be either direct or inductive. 80
My invention is particularlj^ important iu
connection with existing installations, as it
enables voltage regulation for phase displace-
ment to be obtained without the necessity of
purchasing new and expensive main exciters. 85
It will be obvious that various changes in
form and arrangement may be made without
departing from the spirit of my invention.
What I claim as new, and desire to secure
by Letters Patent of the United States, is— 90
1. The combination with a d^'uamo-electric
machine of the alternating-curi-eut t3'pe, of
means for furnishing thereto a normal field
excitation, and an auxiliary exciter acting to
modifj' the field excitation of said dynamo- 95
electric machine in accordance with changes
in the volume and in the phase relation of
the current in the main circuit.
2. In combination, a dynamo, a main ex-
citer for the dynamo, an auxiliary exciter sup- ico
plying current to the field- magnets of the
main exciter, and operative connections be-
tween the armature of the dynamo and that
of the auxiliary exciter by which an alternat-
ing current derived from the main machine 105
passes through the armature of the auxiliary
exciter, and acts to change the excitation of
the main machine in accordance with changes
in volume and in the phase relation of the
currents in the main circuit, substantially as 110
described.
3. In combination, a dynamo, a main ex-
citer,an auxiliary exciter controlling the fields
of the main exciter, and having field-magnets
excited by its own armature reaction and op- 115
erative connections by which an alternating
current derived from the main dynamo is
passed through the auxiliar^'exciter, substan-
tially as described.
4. In combination, an alternating-current 120
dynamo having a main exciter, an auxiliary
exciter controlling the fields of the main ex-
citer, the auxiliary exciter having an un-
wound field -magnet, and a connection by
which alternating curient derived from the 125
main d3'namo is pass(!d through the armature
of the auxiliary (ixciter, the auxiliarj' exciter
an<l the main dynamo beting driven in syn-
chronism, substantially as described.
0. A dynamo - electric machine having a 130
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field-windiug in series with two sources of di-
rect current one of which is sj'nchronously
actuated with respect to said machine and the
other independently actuated.
5 G. A d3'namo - electric machine having a
field-winding in series with the armatures of
two exciters one of which is synchronously
actuated with respect to said machine and
the other independently actuated, the con-
lo nections between said exciters being such as
to bring their respectiv^e electromotive forces
into opposition to each other.
7. A dyuaino-olectric machine, a plurality
of operatively- connected exciters therefor,
15 and means for exciting the field of one of said
exciters solely by armature reaction due to
alternating current flowing in leads connected
thereto.
8. A dynamo-electric machine having an
20 exciter the field of which is excited solely by
armature reaction due to currents derived
from said djniamo-electric machine.
9. A dynamo-electric machine having a syn-
chronously-actuated exciter the field of which
is excited solely by armature reaction due to 25
alternating current flowing through leads con-
nected to said exciter.
10. A dj-namo electric machine having its
field excited by the cooperative action of a
plurality of sources of direct current, one of 30
which is synchronously actuated with respect
to said machine, and another independent!}'
actuated.
In witness whereof I have hereunto set my
hand this 8th day of Januarj'-, 1898.
CHARLES P. STEINMETZ.
Witnesses:
B. ]J. Hull,
A. H. Abell.
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To all ichoDi it inay concern:
Be it kaowu that I, Harold Edwards, a
citizen of the United States, residing at Schen-
ectadj^ in the county of Schenectady, State of
5 New York, have invented certain new and
iiseful Improvements in the Regulation of Dy-
namo-Electric Machines, (Case No. 1,087,) of
which the following is a specification.
My present invention relates to certain im-
10 provements in regulating means for dynamo-
electric machines, and is designed more espe-
cially with a view to overcoming or compen-
sating for the objectionable effects due to
variation in speed of the driving power.
15 In carrying mj^ invention into effect I make
use of a source of constant speed coopera-
tively related to the machine to be regulated
in such a way as to produce a current which
varies in response to the fluctuations in speed
20 upward or downward of the main or regulated
machine. The current or currents thus gen-
erated are caused to act either directly or in-
directly to control the regulation of the main
machine in such a manner as to comiDcn-
2§ sate for the effects of the speed fluctuation re-
ferred to.
My invention may be embodied in a great
variety of different mechanisms,among which
I have hereinafter described in connection
30 with the accompanying drawings a few of the
more desirable forms which embody the prin-
ciples of my invention. The several arrange-
ments thus described each possesses the com-
mon characteristic of two operatively-related
dynamo-electric machines, one of which is
driven at a constant speed and the other at a
speed which may be variable. One of these
machines is an induction-motor and the other
a source of alternating current connected to
40 the exciting-winding of said motor. When
the two machines are running in sj'nchronism
with each other, or, in other words, when the
main machine to be regulated is at normal
speed, a comparativ^ely small current will flow
45 to the exciting-winding of the induction-mo-
tor. When, however, the speed of the ma-
chine to be regulated varies from normal, the
induction-motor acts either as a motor to con-
sume current or as an induction-generator to
S'b produce current. The flow of current thus
produced, which flow varies in magnitude ac-
cording to the extent of departure of the
speed of the main machine from normal, is
utilized to regulate the field of said main ma-
chine to compensate for the effects of the va- 55
riations of speed noted.
I do not wish to be understood as limiting
myself to the exact arrangement set forth in
general terms above or hereinafter described
in detail in connection with the accompany- 60
ing drawings, but, on the contrarj^ desire the
scope of my invention to be determined in ac-
cordance with the claims appended hereto, in
which I have particularly pointed out what
I believe to be the features of novelty. 65
In the drawings which accompany this Speci-
fication, Figure 1 represents in diagram one
embodiment of my invention
;
Fig. 2, a modi-
fied form of the same, and Fig. 3 still another
modified form.
. 70
In Fig. 1 the machine to be regulated,
which, for example, may be a three-phase
dynamo-electric machine, is indicated at 1
and consists, as shown, of an armature 2, hav-
ing thereon a three-phase winding connected 75
in a well-known manner to three collector-
rings 3 4 5, from which extend three-phase
mains G, 7, and 8. Since the three-phase
winding on the armature 2 may bo of any
well-known form, and especially since it con- 80
stitutes no novel feature of the present in-
vention, no attempt has been made to illus-
trate the same in detail. Tiie field-winding
in this case is shown as stationary and as
consisting of two sets of coils, one set (indi- 85
cated at 9) being the main exciting-winding,
and another set (indicated at 10) being a regu-
lating-winding. Although I have mentioned
this main machine as consisting of a station-
ary field and rotating armature, it will of 90
course be understood that the field may re-
volve and the armature remain stationary,
as is indeed the more common practice at the
present time. The main exciting-winding re-
ceives its current from any suitable source— 95
as, for example, the exciter 11. The regu-
lating-winding 10 receives its current in a
manner about to be described.
Mounted upon the shaft carrying the arma-
ture 2 or upon some shaft revolved syn- 100
chronously therewith is the armature or
moving member 12 of an induction-motor.
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The inducing member of the motor, which in
this case is shown as stationary, has its excit-
ing-winding connected through theterminals
13, 14, and 15 with a set of collector-rings
5 10, 17, and 18 of a small three-phase alter-
nating-current generator 19, driven at con-
stant speed by any suitable means—as, for
exmnplc, a separate steam-engine, water-
wheel, or the like. Tiie armature of this ma-
lo chine, to the winding of which the collector-
rings IG, 17, and 18 are connected, is indi-
cated at 20 and its field-winding at 21. This
field-winding may be excited from a separate
exciter 22, as indicated, or, if desired, from
15 the exciter 11 of the main alternator 2.
The leads 13, li, and 15, extendingbetween
the induction-motor and the small alternator
19, include the primaries 23, 24, and 25 of
three transformers, the secondary windings
20 of which have one end of each connected to-
gether and the others joined to a set of leads
26, 27, and 28, which make connection with
a rectifying device, consisting in this case of
three collector rings 29, 30, and 31, suitably
25 connected to corresponding segments of a rec-
tifying-commutator, (indicated at 32.) Suit-
able brushes bear upon this commutator and
collect the rectified current, which is trans-
mitted through the leads 33 34 to the regu-
30 lating-windiug 10, above referred to.
The number of poles ot the induct ion- motor
whose armature is indicated at 12 and the
number of poles of the small alternator 19 are
so designed vvitli reference to each other that
35 when the main machine 1 is running at nor-
mal speed the induction-motor armature will
be running exact!}' in synchronism with the
rotating field of its inducing member. Under
these circumstances a comi)arative!y small
40 current only will pass through the leads 13 14
15. If, however, the main machine 1 drops in
speetl, the armature 12 of the induction-mo-
tor will drop below sj'iichronism, whereupon
curi ent will fiow througli the small alternator
45 19 to the induction-motor, the amount of this
curretit de[)ending upon the extent of devia-
tion of the main machine 1 from its normal
speed. Electronioti vo forces of correspond-
ing value are produced in the secondary wind-
50 ings of tiie series transformers, which are
connected in the leads 13, 14, and 15, and
liiese electromotive forces produce alternat-
ing currents, wiiich are rectified by the rec-
tifying-commnlalor 32 and su])i)li<;d to the
55 r(!gulating-winding 10, tlie dirijction of cur-
rent in this winding being such as to incr ease
the strength of t he field and so coin jxin sate for
liie drop in voltage due to decrease in speed.
If in.>il»'ad of a drop in sjieed of tin; main
60 maidiine there occurs an increase in speed
al>ove normal, due perhaps to abnormally
light load, the induction - motor is driven
al»ov«' .synchronism, ii-i will readily be nnder-
stoo<l, and instead of acting as a motor op-
65 (irales as nn induction-generator, curi'(Mit in
the leads 13, II, and 15 thus reversing in
dirfft ifin and flow ing from tln^ induci ion-ma-
chine to the small alternator 19. The series
transformers respond accordingly and with
the cooperation of the rectifying-commutator 7c
produce in the leads 33 and 34 a direct cur-
rent of reverse direction and of a value de-
pending upon the excess of speed in the main
machine above the normal. The current in
the regulating- winding 10 under these cir- 75
cumstances cuts down the field of the main
machine and so compensates for the effect of
the excess speed.
Fig. 2 of the drawings shows an arrange-
ment which in a certain sense maj' be con- 80
sidered a reversal of that shown in Fig. 1.
In this case the induction-motor, instead of
being driven synchronously with the main
machine, as in Fig. 1, takes the place of the
small alternator 19 in this figui'e and is 85
driven at constantspeed. Since the alterna-
tor 19, if put in the place of the induction-
machine 12 to complete the reversal, would
be driven in synchronism with the main ma-
chine and would produce alternating current 90
of the same frequency or a frequency pro-
portional to that of the main machine, there
no longer would exist a necessity for this
small alternator, which ma}^ therefore be
omitted, the main machine itself furnishing 95
the alternating current caused to fiow to the
induction-machine. The resulting arivange-
ment which is shown in Fig. 2 consists prin-
cipally therefore of the main alternator 35,
the component parts of which may be similar 100
in all respects to the machine 1, described
more or less in detail in connection with Fig.l.
The induction-machine orinduction-motorco-
operating with the main machine is indicated
at 30 and has an inducing member 37, pro- 105
vided with a winding the terminals of which
38, 39,and 40 are connected through leads cor-
respondingly designated to the loads 41, 42,
and 43 of the main alternatoi' or machine 35.
The induction-motor leads 38 39 40 include no
the primaries of series transformers 44 45 40.
The secondaries of these series transformers
give rise to electromotive forces which vary
iti accordance with the flowof cui'ront through
the primaries, these electromotive forces be- 115
ing impressed upon a lectifying commutator
47.consistingof asetof colleclor-rings48anda
connnutator proper, 49, mounted either upon
theshaftof the main machino35orupon some
other shaft revolved s^'iichronousiy therewith 1 20
in any suitable and well-known manner. The
electromotive for(!es impressed upon the rec-
tifying-commutator produce an alternatiUg
current which is, by means of the commu-
tator, rectili(!d and then triinsmitied through 1^5
h^ads 50 and 51 to the regulating-winding 52
of th(» main alternator 35. 'J'he main excit-
ing-winrling of the all,ernator is indicated at
53 and corresponds in fun(!tion to the wind-
ing desig!iated as 9 in Fig. 1. 130
'J'he mode of oi)eration of the arrangement
shown in Fig. 2 is substantially the same as
that shown in (;onneclion with I'Mg. I. Upon
an in*;reas(5 in specid of (he main ma(^hin(( from
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normal the induetion-motoi' 30 takes current
from the main machine throufrh the leads 38
39 40, wliile upon a decrease in speed from
normal the induction-motor supplies current,
5 which then flows in an opposite direction
through these leads. In both of these cases
the series transformers 44 45 40, acting in
conjunction with the rectifjing-commutator
47, supply a regulating-current to the wind-
lo ing 98 of such a nature as to compensate for
the effects of the fluctuations of speed re-
ferred to.
Fig. 3 shows an arrangement which differs
from both of the preceding in that the alter-
1 5 nating current which causes the regulation of
the main machine, instead of being rectified
by a rectifying-commutator, is supplied to
the armature of a positively-driven auxiliary
exciter, the voltage of which is varied in re-
20 sponse to variation of armature reaction
caused by the alternating current flowing in
the leads connected thereto.
Referring to Fig. 3, the main machine or
alternator to be regulated is indicated at 54
25 and the induction-motor which is driven at
constant speed at 55. The alternator leads
50, 57, and 58 are connected to the inducing
member 59 of the induction-motor through
the leads 00, 01, and 02, as shown. In series
30 with the last-mentioned leads are connected,
respectively, the primary windings of three
series transformers. The secondary wind-
ings, which are in this case indicated at 03,
04, and 05, have one terminal of each joined
35 to a common point, as 00. The remaining
terminals of these secondaries are connected
to a set of collector-rings 67, 68, and 09, which
are joined in three-phase relation to the ar-
mature-winding of a regulating-exciter 70, the
40 construction of which is practically identical
with that of any direct current-exciter, the
only difference being that its armature-wind-
ing has taps connected in multiphase rela-
tion thereto and joined to a set of collector-
45 rings, as shown. The commutator 71 of this
exciter supplies current to the field-winding
72 of the exciter and is connected in series
with the main exciter 73 of the main alter-
nator 54. Both exciters 70 and 73 therefore
50 cooperate to supply current to the field-
winding 74 of the main machine 54. Dur-
ing operation of the arrangement described
deviations in speed of the main machine 54
from normal cause electromotive forces to
55 be set up in the secondary winding 63 64 05
in a manner already described. These elec-
tromotive forces, through the instrumental-
ity of the collector-rings 07, 08, and 69, are
impressed upon the armature-winding of the
60 exciter 70 and act to modify the flow of cur-
rent in the conductors thereof, thereby vary-
ing the armature reaction, and consequently
the voltage upon the commutator 71, which
voltage is either added to or subtracted from
65 that in the exciter-circuit as maybe necessary
to secure proper regulation of the main ma-
chine 54, The particular manner in which
the voltage of the exciter 70 is varied by rea-
son of its connection with the secondaries of
the series transformers mentioned does not 70
constitute a part of my jjresent invention,
the same being f UII3' set forth and claimed
in a patent to E. W. Rice, Jr., No. 595,412,
dated December 14, 1897.
What I claim as new, and desire to secure 75
by Letters Patent of the United States, is
—
1. The combination of a main machine, an
auxiliary regulating-machine driven at con-
stant speed, and means responsive to varia-
tions in relative motion of said machines for 80
producinga regulating-current, and means for
controlling by said current the field strength
of said main machine.
2. Acombinationof amain machine, an aux-
iliary machine electrically connected thereto 85
and driven at speed independent of that of
the main machine, and means for causing a
regulating-current to flow between said ma-
chines in 7'esponse to a variation in speed of
one of said machines relatively to the other. 90
3. The combination of a main machine, an
auxiliary machine electrically connected
thereto and driven at constant speed, and
means for regulating the main machine
through the instrumentality of current flow- 95
ing between said machines.
4. The combination with a main maehiite,
of an induction-machine driven at constant
speed and electrically connected witli a cir-
cuit or circuits of said main machine, and 100
means controlled by current flowing in the
circuits of said induction-machine for regu-
lating said main machine.
5. The combination with an alternating-
current generatorand an induction-machine, 105
electrical connections between said machines,
and means responsive to variations in the
relative s^jeedof said machines for producing
a direct current of a value corresponding to the
magnitude of said relative speed variations, no
6. A combination with a main alternator,
an induction - machine driven at constant
speed, circuits connecting said machines, se-
ries transformers included in said circuits, a
rectif^'ing-commutator connected to second- 115
ary windings of said transformers, and a wind-
ing on said main machine connected to said
rectifying-commutator.
7. The combination of a machine of varia-
ble speed, a machine of constant speed, means 120
for causing current to flow between said ma-
chines in accordance with the variation of
speed of said machines relatively to each
other, and means for regulating the field of
the variable-speed machine through the in- 125
strumentality of said currents.
In witness whereof I have hereunto set my
hand this 15th day of May, 1901.
HAROLD EDWARDS.
Witnesses:
Benjamin B. Hull,
Margaret E. Woolley.

17
-f-X^ yi^l^ ,,
.
-RECEIVE
j
L

United J>tates Patent Office.
CHARLES P. STEINMETZ, OF SCHENECTADY, NEW YORK, ASSIGNOR TO THE
GENERAL ELECTRIC COMPANY, A CORPORATION OF NEW YORK.
SYSTEM OF ELECTRICAL DISTRIBUTION.
SPECIFICATION forming part of Letters Patent No. 717,298, dated December 30, 1902.
Application filed August 19, 1899. Serial No. 727,734. (No modelJ
To all ivhom it may concern:
Be it known that I, Charles P. Steinmetz,
a citizen of tlie United States, residing at
Schenectady, county of Schenectady, State of
S New York, have invented certain new and
useful Improvements in Systems of Electrical
Distribution, of which the following is a speci-
fication.
The invention hereinafter described em-
lo bodies a principle of operation disclosed in
the patent to E. W. Rice, Jr., No. 595,412,
dated December 14, 1897, for a means for regu-
lating alternating -current dynamo -electric
machines, in which the field of a dynamo-elec-
15 trie machine is regulated by causing alternat-
ing currentfrom its armature to pass through
the armature of the exciter for said machine,
thereby varying the field, and consequently
the electromotive force of the exciter, both in
2o accordance with the magnitude and the phase
displacement of the alternating current.
To determine the scope of my invention,
reference is made to the claims in this appli-
cation, in which its various features are in-
25 tended to be clearly and particularly point-
ed out.
In its details my invention will be more
readily understood by reference to the fol-
lowing description, taken in connection with
30 the accompanying drawings, in which
—
Figure 1 illustrates in diagram one em-
bodiment of my invention, while Fig. 2 is
an explanatory diagram of magnetomotive
forces.
35 In cases where alternating - current ma-
chines of large capacity are to be compounded
by passing alternating current through the
armature of the exciter and in this way vary-
ing its field I find it generally undesirable to
40 make use of the whole current for this pur-
pose. I employ instead a fractional portion
of this current, derived from the secondary
or secondaries of transformers the primaries
of which are placed in series with the main
45 lines leading to the machine to be regulated.
By choosing a suitable ratio of transforma-
tion it is thus possible to supply the exciter
with an alternating current which varies in
proportion to the variation of current pass-
50 ing through the machine lo be regulated and
is at the same time of a value adapted to the
capacity of the exciter. If the dynamo-elec-
tric machine to be regulated is of the two-
phase type, the series transformers thus re-
quired would ordinarily be either of the sin- 55
gle-phase or two-phase type to correspond.
I have discovered that a considerable saving
may be effected by suitably modifying the
transformers in such a manner as to cause
three-phase fluxes to circulate in the mag- 60
netic circuits of the transformers rather than
two-phase fluxes, as would be the ordinary
practice. A transformer suitable for effect-
ing this result is shown in Fig. 1, in which G
represents a two- phase generator having field- 65
coils F, suitably excited, and lines or mains
1 2 3 4, leading from the collector of the ma-
chine in the usual manner. At T is indicated
a transformer-core having three legs or sub-
divisions. The two outside legs are provided 70
with both primary and secondary windings,
while the middle leg, which forms a common
return for the other two, may or may not be
provided with winding, as will be hereinafter
explained. The primary windings are from 75
necessity supplied with two-phase currents,
and in order, therefore, to produce three-phase
fluxes in the core it is necessaary to impress
upon the core three-phase magnetomotive
forces, and this resultl secure by making com- 80
binations of magnetomotive forces displaced
in phase from each other by one-quarter of a
period, but having such relative magnitudes
as to produce resultant magnetomotive forces
differing in phase by one-third of a period. 85
The means by which this is accomplished will
be better understood by reference to the dia-
gram shown in Fig. 2. In this figure, a b
represent the phase relation of currents flow-
ing in the leads of the machine G, and, as 9c
shown, these currents are ninety degrees or
one-quarter of a period apart. The desired
phase relation of fluxes in the transformer-
core is indicated by the lines c d, which are
shown as displaced from each other by one- 95
third of a period or one hundred and twenty
degrees. In order to produce resultant mag-
netomotive forces corresponding in phase to
the relation of c and d, it is necessary to
combine component magnetomotive forces 103
ninety degrees apart in such a manner as to
produce resultants one hundred and twenty
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degrees apart. In the proportions indicated
in the diagram this has been done by com-
bining first the magnetomotive force a and the
magnetomotive force e, displaced therefrom
5 ninety degrees, thereby producing the result-
ant c. In a similar manner b and / represent
the relative values of two quarter-phase mag-
netomotive forces required to produce a re-
sultant fZ. From inspection of the figure it
lo will be noted that the sum of the angles be-
tween a and c and between h and d is equal
to the difference betweeu the phase angles of
the exciting-currents and the fluxes to be
produced thereby. So long as this relation is
15 maintained the two angles may have anj'
relative value, provided their sum remains
the same. For the sake of uniformity, how-
ever, I have chosen to make these angles
equal to each other, in which case each will
20 be an angle of fifteen degrees, and the mag-
netomotive forces, which form the compo-
nents of the resultant magnetomotive forces
c d, will therefore be related to each other in
the ratio of the sine and cosine of fifteen de-
25 grees. In order to cause this relation of
magnetomotive forces in the transformer T,
I provide each of the legs L' 1/ of the trans-
former with two primary windings, the num-
ber of turns of the two windings on each leg
30 being related to each other in the ratio of the
sine and cosine of fifteen degrees. This re-
lation I have roughly indicated in the draw-
ings by coils of different sizes. In order to cor-
respond with the diagram in Fig. 2, the wlnd-
35 ings are indicated by the letters e ah f. The
windings e and /> must evidently carry current
in the same phase and are therefore connected
in series with each other and with one of the
mains of the transmission system—as, for in-
40 stance, the main 1. In a siniihir manner wind-
ings a and /'are connected in series with each
other and with one of the mains of tlie trans-
mission system—as, for instance, the main '.i—
carr3'ingcu rrent differing ninety degrees from
45 that flowing to the main 1, to wliich the other
primary windings are connected. As thus
arranged it will be evident that when a two-
phase current flows in the primary exciting-
coils three-phase fluxes are induced in the
50 cores or legs L' lA Assecui, tliese fluxes are
provided wiili ji common return - circuit
forme<l I)}' the leg L'' of the tratisformor, and
hinc<« two c<iual vectors displacffd in phase b}'
one hundred and twc-nty degrees form a re-
55 Niiltant e<iual lo eillier of its compfjuents the
crojHH-Hect ion of the middle ifg is (-(jual to that
of either of t he ol her legs of t lie transformer.
'J he empio} iiicnt of tliree-phase fl uxes in tliis
niaiiiier is diHtiiici ly ad vantageotis over the
60 Ms<« <>{ two-piiasH fliix(js, such as would ordi-
narily have heeri ohlaiiied by (!xcititig 0110 of
tlielegHof the tniiiMforiiier from one phase
only of t he transmisMiori Hystem and tin) oilier
N'g from the other phase, and this advantage
65 jirlM'N from the fact lliatlli(! r(!sultaiil of two
efjiial tlux«'M ninety degreeH ajjart in phase
Una u value equal lo y/-^ times the value of
either component. With two-phase fluxes it
would therefore be necessary to make the
cross-section of the common return equal 70
approximately to 1.42 times the cross-section
of either of the legs L' L^. The iron loss is
therefore largely reduced by the use of three-
phase fluxes, and a considerable amount of
iron is saved. Secondary coils are placed 75
about two or more of the legs of the trans-
former, and in these coils three-phase electro-
motive forces are induced. By connecting
two coils in series—as, for instance, the coils
s'
s'^
—and bringingconnections from their free 8c
terminalsand theircommon connection three-
phase currents may be obtained. Two sides
of the three-phase triangle are thus formed
by the electromotive forces acting on the sys-
tem, while the third side remains open. If 85
desi red,however, the third electromotive force
may be added, thereby producing a more sym-
metrical sj'stem. In this case a third coil .s^
(shown in Fig. 1) is placed on the common
return or leg L', with its terminals connected 90
to the outside terminals 5 6 of the secondaries
s' s\ All three phases will thus be equally
loaded.
The mode of transformation thus described
is susceptible of application to manj' pur- 95
poses, and I intend, therefore, to lay claim to
the same regardless of the particular use to
which it may be put. In the particular ap-
plication shown, however, the three-phase
lines or conductors 5 7, leading from the sec- 100
ondary of the transformer T, are connected
to collector-rings on the armature of the ex-
citer E. These collector-rings are connected
to points in the armature-winding in a man-
ner corresponding to the connection of collec- 105
tor-rings in a three-phase generator or mo-
tor, and therefore require no special descrip-
tion. The exciter E is mounted on the same
shaft with the srenerator G or is otherwise
mechanically driven so as to have a rate no
of rotation synchronous with the generator.
The simplest construction is to make the
number of poles of the generator and ex-
citer equal and to run them at the same speed
by direct connection; but it will be obvious 115
that they may be run at different speeds,
provided that the relation between the poles
of the two machines be made to corr(^spond.
To secure the necessary regulation of the ex-
citer by means of the alleriiiiting current 12c
passed into its armature from the mains of
the inafiliine to l)e regulated, the angular re-
lation of the armatures of t,he main machine
and ilH (\\citer is made such that i\ni polar
line produced l)y the alternating curr(Mit is at 121;
right angles to the field of the exciter when
the curr(!nt in the main machine is in phase
with its induced or iiilernal electromotive
force. Owing (,o the H(»lf-inductioii possessed
by a dynanio-(dectrie macdiine, itmay be here 130
noted that when the current is in phase with
tlie int(»rnal or induced electromotive force
of tlie machine it lags with resjxict to the ter-
minal voltage of the machiiio. Therefore
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when the machine to be regulated is working
at unit-power factor the polar line of the ex-
citer will be advanced slightly in position,
thus producing a component of armature re-
5 action which is arranged so as to increase the
field of the exciter, and consequently increase
the field of the main machine, thereby com-
pensating for the eifecls of self-induction and
armature reaction.
lo Since the present invention is not coexten-
sive with the broad principle of regulation
above referred to, it is not necessary here to
go into further detail. If, however, further
information is desired, reference may be had
15 to the patent to E. W. Rice, Jr., above men-
tioned.
Since the regulation of the exciter is to be
secured by taking advantage of the effects of
armature reaction, it is necessary in order to
20 secure the best results to have a compara-
tively weak field for the exciter in order that
it may more readih' be acted upon by the re-
action of the armature-current. At the same
time the armature reaction should be made as
25 strong as possible in order to secure the maxi-
mum effect from the comparatively weak mag-
netomotive forces derived from the alternat-
ing current. When the exciter is thus con-
structed with a weak field and strong arma-
50 tare reaction, it becomes unstable in opera-
tion and its electromotive force varies through
wide limits, with very slight variations in
speed and changes in armature reaction. To
overcome this unsteadiness of operation wilh-
35 out destroying its characteristic mode of ac-
tion, I construct the magnetic circuits of the
field with an auxiliary partial air-gap at some
point. In the instance shown each field-pole
has a deep slit or cut K extending half-way
40 across the pole and arranged to intercept the
flux through the pole. At low raasnetic densi-
ties practically all of the flux will flow through
the iron neck, (indicated, for example, at N,)
while at higher densities the neck will be-
45 come saturated and lines of force will flow
across the auxiliary air-gap K. This intro-
duction of an auxiliary gap into the circuit
at some selected flux densitj- causes the satu-
ration curve to bend, so that above the bend
50 the field-flux is no longer proportional to the
magnetomotive forces producing the same,
but varies at a slower rate than the variation
of such magnetomotive force. Any desired
degree of stability may thus be secured.
55 What I claim as new, and desire to secure
by Letters Patent of the United States, is
—
1. The method which consists in acting
upon a plurality of non-identical, dependent,
magnetic circuits by magnetomotive forces
60 displaced in phase from each other, combin-
ing the resulting fluxes to form a resultant
flux and inducing an electromotive force by
the action of said resultant flux.
2. The method which consists in acting by
65 dephased currents upon each of a plurality of
non-identical, magnetic circuits combining
the resulting fluxes to form a resultant flux
and inducing an electromotive force by the
action of said resultant flux.
3. The method of producing phase-differing 70
fluxes from phase-differing currents of differ-
ent phase displacement from that of the
fluxes, which consists in acting upon each of
two dependent magnetic circuits by two mag-
netomotive forces displaced in phase from 75
each other, the magnetomotive forces acting
on one magnetic circuit being related to each
other in the proportion of the sine and cosine
of an angle not greater than the difference in
angle between the phase displacement of the 80
fluxes and the phase displacement of the cur-
rents.
4. The method of producing three - phase
fluxes from two-phase currents which consists
in acting upon each of two non-identical mag- 85
netic circuits by two magnetomotive forces
bearinga two-phase relation to each other and
related to each other in magnitude in the pro-
portion of the sine and the cosine of the angle
of fifteen degrees. 90
5. The method of producing phase-differing
fluxes from phase-differing currents of differ-
ent phase displacement from that of the
fluxes, which consists in acting upon each of
two magnetic circuits by two magnetomotive 95
forces displaced in phase from each other and
related in magnitude in the proportion of the
sine and cosine of one-half the difference in
angle between the phase displacement of the
fluxes and the phase displacement of the cur- 100
rents, and combining said fluxes to form a
third flux.
6. The method of producing phase-differing
fluxes from phase-differing currents of differ-
ent phase displacement from that of the fluxes 105
which consists in acting upon each of two non-
identical, dependent magnetic circuits by two
magnetomotive forces displaced in phase from
each other and related in magnitude in the
proportion of the sine and cosine of one-half no
the difference in angle between the phase dis-
placement of the fluxes and the phase dis-
placementof thecurrents, and combiningsaid
fluxes to form a third flux.
7. The method of compounding a two-phase 115
dynamo-electric machine, which consists in
producing three-phase currents proportional
to the two-phase currents flowing in the leads
of the machine, and acting by said three-
phase currents to control the field strength of 120
said machine.
8. The method of compounding a two-phase
dynamo-electric machine, which consists in
f)roducing three-phase fluxes varying in re-
sponse to variation of current flowing in leads 125
of said machine, causing said fluxes to circu-
late in dependent magnetic circuits, generat-
ing three-phase current by the action of said
fluxes, and utilizing said three-phase current
to regulate said machine. 130
!J. The method of compounding an alternat-
ing-current dynamo-electric machine which
consists in changing the number of phases of
current flowing in the leads of the machine,
717,298
and passing the cux'rent thus changed through
the armature of the exciter for said machine.
10. The method which consists in changing
the number of phases of current flowing in
5 the leads of a dynamo-electric machine and
utilizing the current thus changed for regu-
lating said machine.
11. The method which consists in iucreas-
ing the number of phases of current flowing
lo in the leadsof adynamo-electricmachine, and
utilizing the current thus changed for regu-
lating said machine.
12. The method of regulating a .two-phase
dynamo-electric machine which consists in
15 producing three-phase current from current
flowing in leads of said machine and utiliz-
ing said three-phase current for regulating
purposes.
13. The method of transferring energy be-
tween a quarter-phase sj'stem and a three- 20
phase system which consists in causing the
transfer to take place inductively through the
medium of three-phase fluxes.
In witness whereof I have hereunto set my
hand this 18th day of August, 1899.
CHARLES P. STEINMETZ.
Witnesses
:
Benjamin B. Hull,
Mabel E. Jacobson.
<
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TYPE TA REGULATOR
The voltage regulation of alternating cur-
rent generators has long been recognized as
of great importance. The General Electric
Company, realizing this fact, has developed
and placed upon the market, a device for auto-
matically accomplishing this result independ-
ently of speed changes and variations in load.
This device is known as the TA regulator.
This regulator operates by opening and clos-
ing a shunt circuit across the exciter field
rheostat or rheostats, when operating the
exciters in parallel, thus keeping the exciter
voltage at a point necessary for the mainte-
nance of constant voltage at the bus-bars or
at the center of distribution.
The moving parts of the Type TA
regulator are all very light and move only a
short distance; thus they can operate at a high
rate of speed without any pumping or hunting
effects often found in other forms of regulator.
LIFE AND CANDLE POWER
CURVE
The importance of accurate voltage regu-
lation can be seen from the diagram on
GEXERAL ELECTRIC COMPANY
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TA REGULATOR PANEL
Front View
paf;e 3. The curves are based 011 lam])s con-
suming 3.5 watts per candle power. ( )ne curve
shows the life of lamps in percent, vvitli voltage
above and below normal, while the other
curve shows the variation in candle power
with voltage above and below normal. .Should
the voltage be maintained at normal, the life
of the lamps and the candle power would both
be 100'/.
I*"or example : Should the voltage be in-
creased i'/„ above normal, the life of the
lamp would be reduced 20%, or to 80% of.
Current Generators
normal, while the candle power would be in-
creased only above normal.
Should the voltage be increased 5 % above
normal, the life of the lamp would be reduced
64%, or to 3670 of normal, while the candle
power would be increased only 33 or to 133%.
Should the voltage be reduced 2% below
normal, or to 98%, the life of the lamp would
be increased 50% above normal, or to 150%,
while the candle power would be decreased
II'/, or to 89% ol normal.
TA REGULATOR PANEL
Buck View
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It is clear from the above, that a slight
increase of voltage above normal is very
detrimental to the life of the lamp ; while a
slight reduction in voltage seriously reduces
the candle power, thus showing the necessity
for close voltage regulation The curves hold
approximately true for lamps consuming 3.1
watts per candle power. A large number of
stations now using lamps consuming 3.5 watts
per candle power could, with close voltage
regulation, substitute lamps consuming 3.1
watts per candle power and thus effect a
saving of 13
SIZE AND LOCATION
The regulator is mounted on a base 1 5" x
20}4" X and is best located on the switch-
board, allowing about four feet from the floor
to the bottom of the regulator, and as near the
exciter panel as practicable. The regulator
should never be mounted on any of the sub-
bases. When it cannot be mounted directly
on one of the main panels, or on the panel
furnished for the regulator, as shown on
page 2, the best arrangement is to mount it
on rigid iron brackets at the end of the
<
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Percentage above and below normal life or candle power of lamps
CURVES SHOWING LIFE AND CANDLE POWER OF INCANDESCENT LAMPS
WITH VARIOUS VOLTAGES
DESIGN AND FINISH
The Type TA regulators are designed for
switchboard use and are mounted on a marble
or slate base. The metal parts are all highly
polished and have a black oxide finish. The
magnets are wound with specially treated silk-
covered wire. The whole device is enclosed
in a glass case which can be readily opened
for inspection. The regulator will be mounted
on a blue Vermont marble base unless other-
wise specified.
switchboard, as shown on page 17. These
brackets are interchangeable so that the
regulator can be placed at either end of the
switchboard.
METHOD OF OPERATION
The voltage of the alternating current
generator is automatically maintained at any
desired value by varying the exciter voltage
by means of the regulator. This is accom-
plished by rapidly opening and closing a shunt
GENERAL ELECTRIC COMPANY
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circuit across the exciter field rheostat. The
illustration on page 14 shows the elementary
connections of the Type TA regulator. The
rheostat shunt circuit is opened and closed by
a differentially wound relay. The current for
operating this relay is taken from the exciter
exciter voltage. The alternating current por-
tion of the regulator consists of a magnet hav-
ing a potential winding connected, by means of
a potential transformer, to the bus-bars or the
circuit to be regulated. This magnet also has
an adjustable compensating winding which is
COMPLETE SWITCHBOARD SHOWING INSULATION OF TYPE TA REGULATOR
Lockport Gas and Electric Co., Lockport, N. Y.
bus-bars and is controlled by the floating
main contacts. The current for operating
the direct current control magnet is also
taken from the exciter bus-bars. The relay
and the direct current control magnet con-
stitute the direct current portion ol the regu-
lator, and maintain not a constant but a steady
connected in series with tlic secondary of
a current transformer usually inserted in
tlic principal ligiiting circuit. The core
of this magnet is attached to a ])iv()lc<l
lever carrying a counterweight which is bal-
anced by the attraction of tlic magnet. Tf a
load is thrown on the generator the voltage
GENERAL ELECTRIC COMPANY
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will tend to drop, the alternating current
magnet will weaken and destroy the balance
of the core and lever and cause the main
contacts to close; this in turn will close the
relay contacts and entirely short-circuit the
exciter field rheostat, thus increasing the
exciter voltage until the original balance
of the alternating current magnet core and
lever is restored and the alternating current
voltage maintained at the required value.
In some cases the exciter voltage will
vary from 70 to 125 volts from no load to full
load. This is especially true if the load is
partly inductive and the regulator is adjusted
to compensate for the line loss. In order to
get the full range of regulation within the
scope of the regulator in such cases, the
alternating field rheostat should be turned
entirely out and the exciter field rheostat
adjusted to lower the alternating current
voltage about 65% below normal. When the
regulator is switched in, it will close the
rheostat shunt circuit and instantly build the
voltage up to normal, and maintain normal
voltage by rapidly opening and closing the
rheostat shunt circuit. The regulator may be
thrown in and out of service without varying
the voltage. Once the regulator is adjusted
to maintain a constant voltage at the center of
distribution with the use of the compensating
winding, it requires no further adjustment and
the station voltage will be automatically raised
and lowered to maintain the desired voltage at
the center of distribution. The regulator is
practically independent of speed, power factor
and temperature changes, as will be seen
from the charts on pages 8 and 9.
CHARTS
The first three charts, on page 8, were
made on recording instruments simulta-
neously, without the use of the regulator.
The first chart shows the speed of a 75 Kw.
generator of standard make, with direct con-
nected exciter running normally at 900 revolu-
tions per minute. The generator was driven
by a shunt motor and the normal variations of
speed were due to changes of load on the
generator and changes of voltage on the
motor supply circuit. The S% speed changes
were made purposely to show the effect on
the voltage. The motor was allowed to run
with practically no attempt to regulate its
speed.
The second chart gives the load in
amperes on the generator, showing at times
about three-quarters full load.
The third chart shows the voltage which
was not regulated after once set at 11 5 volts.
This chart shows that with a direct con-
nected exciter a speed change of 8% may
cause a variation of about 32% in the voltage
of the alternator, giving a ratio of about
4 to r.
The next set of charts, 4, 5 and 6, were
taken on the same generator, under more
severe conditions, but using the regulator to
maintain constant voltage. Chart 4 shows
that the speed changes were greater with the
regulator than without, as on chart i the
extreme speed variation was only about 10%,
while on chart 4 the speed change was about
20 A load having various power factors was
frequently changed, as may be seen on chart
5, and, notwithstanding these severe condi-
tions, the regulator maintained a voltage
within one-half volt, as will be seen by the
practically perfect chart 6.
CONDENSERS
The condensers mounted in the tripod,
shown on page 16, are placed across the relay
contacts to take up the field discharge on
opening the rheostat shunt circuit. The
number of condensers required depends on the
size and type of exciters used.
LIST OF REGULATORS
A list of alternating current regulators
now in use, with the name of the company,
location, size and arrangement of generators,
etc., is given on pages 10 to 13. It will be
seen from this list that Type TA regulators
are running under a great variety of conditions
GENERAL ELECTRIC COMPANY
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and on a great number of sizes and types of
generators. About 80% of these installations
are combined power and lighting plants.
DIAGRAMS
The upper illustration on page 15 shows
the connections of the regulator with several
generators using only one exciter.
The lower illustration on page 15 shows
the connections of the regulator with several
alternating current generators operating in
parallel, with their exciters also operating in
parallel. In this case an equalizing rheostat
is necessary to equalize the load between the
exciters. There is always one less equalizing
rheostat than there are exciters. The regu-
lator in this case short-circuits the exciter field
rheostats of the several exciters. The exciters
should be arranged for parallel operation
whenever possible, as with this arrangement
only one regulator is required.
The illustration on page 16 shows the
connections necessary when using regulators
with several generators operating in parallel
while the several exciters are operating singly.
This arrangement necessitates a separate
regulator for each exciter which of course
increases the expense and adds complication.
The information blank on page 18 should be
filled out and returned to the General Electric
Company when asking for quotation.
The regulator for direct current generators
is fully described in another bulletin.
TA REGULATORS FOR ALTERNATING CURRENT GENERATORS
Cat. No.
TA-60, Form A-2, for 60 volt exciters 29634
TA-125, Form A-2, for 125 volt exciters 29635
Condenser sections for use with all TA regulators ....... 27298
Iron brackets, including 2 halves, with bolts and nuts, for mounting regulator at either
end of switchboard 27299
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POTENTIAL TRANSFORMERS FOR USE WITH
TA REGULATORS
VOLTS
Cycles Watts Voltage of Circuit Cat. No.
Pri. Sec
25/60 200 220 110 220 31793
25/60 200 363 110 363 27605
25/60 200 440 no 440 27606
25/60 200 550 no 550 27607
25/60 200 660 no 660 27608
25/60 200 1100 no 1100 27609
25/60 200 2200 no 2200 27610
25/60 200 3800 no 3300 27611
25/60 200 5500 no 5500 27612
25/60 200 6600 no 6600 27613
25/60 200 11000 no 11000 27614
25/60 200 13200 no 13200 27615
25/60 200 26400 no 26400 27876
CURRENT TRANSFORMERS FOR USE WITH
TA REGULATORS
Cycles Ampere Rating of Circuit Cat. No.
25/125 7.5 31825
25/125 10 31826
25/125 15 31827
25/125 25 31828
25/125 35 31829
25/125 50 31880
25/125 75 31881
25/125 100 81832
25/125 150 31883
25/125 200 31884
25/125 250 31835
25/125 300 31836
25/125 400 31837
25/125 500 31838
25/125 600 28903
25/125 1000 28904
25/125 1200 28905
25/125 2000 28906
25/125 2500 28907
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Name of Company
Concord Land & Water Pr. Co..
Fall Mt. Elec. Lt. Co
Am. Woolen Co
Great Northern Paper Co. . .
.
Concord Municipal Lt. Plant.
Great Northern Paper Co. ...
Ford & Kimball
Cons. Elec. Co
Concord Elec. Co
Concord Elec. Co.
Berlin Mills Co
Consolidated Elec. Co.
Fall Mt. Elec. Lt. Co..
Worcester Elec. Lt. & Pr. Co..
Woburn Lt., Ht. & Pr. Co. . .
.
Tonawanda Power Co
Keene Gas Lt. Co..
Newport News & Old Pt. R. R. & Elec. Co.
Holyoke St. Ky
Laconia Elec. Lt. Co
Lockport Gas & Elec. Co
Quincy Elec. Lt. & Power Co
Silver Springs Bleaching and Dyeing Co
Colo. Springs Elec. Co
.Amherst Gas Co
Selma Lt. & Power Co
Cons. Gas & Elec. Co
Cochrane Chemical Co
.\nniston Gas & Elec. Co
Colo. Elec. Pr. Co
.Ashville Elec. Co
Corsicana Gas & Elec. Co
Gt. Northern Ry. Co
Witherljee Sherman Co
Mohawk Mills
Schenectady Ry. Co.
Wayne Co. Elec. Co.
Frank Jones.
Union Bag & Paper Co
Boston Mfgs. Co
Assabet Mills American Woolen Co.
Location
Concord, N. H.
Bellows Falls, Vt
Enfield, N. H
Madison, Me
Concord, Mass
Millinockett, Me
Concord, N. H
Portland, Me
Concord, N. H., Bridge St,
Station
Concord N. H.
Station
Sewell Falls
Berlin, N. H
Burlington, Vt -.
Bellows Falls, Vt.
Worcester, Mass
Woburn, Mass
North Tonawanda, N. Y
Keene, N. H
Hampton, Va
Holyoke, Mass
Laconia, N. H
Lockport, N. Y
Quincy, Mass
Providence, R. I
Colo. Springs, Colo.
Amherst, Mass
Selma, Ala
Long Branch, N.J.
Everett, Mass
Anniston, Ala
Canon City, Colo..
.
Ashville, N. C
Corsicana, Tex . . .
St. Paul, Minn
Port Henry, N. Y. .
Amsterdam, N. Y.
Schenectady, N.Y.
Lyons, N.
Portsmouth, N. H.
Sandy Hill, N. V
Waltliam, Mass.
Maynard, Mass..
•Sis
"•ass's
2-250, 1-150
1-120
Composite
2^0 Composite
3-300
2-80 Compound
3-1000
1-50
3-100, 2-75
1-500
5-200
2-180
1-500
1-200
7-120
Composite
2-250
2-200
2-150
Composite
2-100
2-300, 1-750
1-100
2-90
2-200
1-150, 1-3.50
2-350
3-750
1-SO, 1-200, 1-400
1-200
7-120
2-75
2-75
3-500
2-75
1-150
2-210, l-llO
1-750
1-350
3-100
1-120
Composite
Wound
1-00, 1-80, 1-120
2-750
1-500
1000,1-500,1-1001-:
Single
Single
3
2
3
D. C.
3
3
3
Single
2
2
Mono-
cyclic
3
2
3
3
3
3
Single
3
3
3
3
3
3
3
3
Mono-
cyclic
Single
Mono-
cyclic
3
3
3
50
125
125
40
CO
40
GO
GO
CO
60
GO
60
60
60
60
60
125
60
60
60
60
60
125
60
60
60
60
60
25
00
60
60
125
GO
40
GO
40
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Arrangement
of
Generators
Maximum
PrimaryVoltage
Regulators
Compensate
for
Line
Loss
in
Per
Cent.
r
and
Exciter
Total
Capacity
in
Kilowatts
"o
c
Compound
or
Shunt
Wound
id
Class
lators
Numbei
Size
of
in
Kw.
Voltage
Exciter
Arrang(
of
Exci
Type
ar
of
Regu
Number Regulat
Used
2700 PressureWires 10 2-30 GO 125 Pa ralldl1 dicll lei Shunt Standard AC 1 X r*
1160 1-3 3 125 Singly Compound Standard AC J T. R. C.
oingly 1100 Q 2-2 4 125 Parallel Compound Standard AC 1 T. R. C.
Parallel 575 2-35 70 125 Parallel Compound Standard AC T. R. C.
Parallel 2300 2-6 12 125 Parallel Compound Standard AC 1 T. R. C.
Parallel 580 2-GO 120 125 Parallel Compound Standard AC 1 T. R. C.
125 1-2 2 125 Singly Compound Standard AC 1 T. R. C.
Parallel 2300 7 1-14 14 125 Singly Compound Standard AC 1 T. R, C.
Parallel 2500
Pressure
Wires 6 1-20 20 125 Singly Shunt Standard AC 1 T. R. C.
Parallel 2700
Pressure
Wires 12 3-30 90 125 Parallel Shunt Standard AC 1 T. R. C.
Either Singly
or Parallel 2300
2-8 16 125 Singly Shunt Standard AC 2 T. R. C.
Singly 2300 14 1-10 10 125 Singly Shunt Standard AC 1 T. R. C.
Singly 2300 1-4 4 125 Singly Compound Standard AC T. R. C.
Singly 1100 7 2-14 28 125 Parallel Compound Standard AC 1 T. R. C.
Parallel 2300 11 2-14 28 125 Parallel Compound otanuara AC 1 T. R. C.
Parallel 2300 8 2^ 8 125 Parallel Compound otanuara 1 T. R. C.
Parallel 2300 5 2-3 6 125 Singly Compound Standard AC 2 T. R. C.
Parallel 10000 12
1-60
2~14, 1—40 114 125 Parallel Compound Standard AC 1 T. R. C.
Singly 2300 10 1-3 3 125 Singly Shunt Standard AC 1 T. R. C.
Parallel 1100 12 2-4 8 125 Parallel Shunt Standard AC 1 T. R. C.
Parallel 2300 7 2-30 GO 126 Parallel Compound Standard AC 2 T. R. C.
Parallel 2300 8 1-30, 1-25 55 125 Parallel Compound Standard AC-1 1 T. K. C.
Singly or
Parallel 200
2-14 28 125 Singly Compound Standard AC 1 T. R. C.
Parallel 6600 12 2-50 100 125 Parallel Compound TA-125 Form A-2
Parallel 2300 4 2-20 40 125 Parallel Compound TA-l'^^t Form X-0
Singly 2300 8 1-54 5i 125 Singly Compound TA-125 Form A-2
Singly
Parallel
TA-125 Form A-2
127-220 5 2-31 125 Parallel Shunt TA-125 Form A-2
Parallel 2300 8 2-H 3 125 Parallel Shunt TA-125 Form A-2
Parallel 20000 8 2-35 70 125 Parallel Compound TA-125 Form A-2
Parallel 2300 10 2-li 3 125 Parallel Shunt TA-125 Form A-2
Singly 2300 8 2-17 34 125 Parallel Com pound TA-125 Form A-2
Singly 480 3 1-35 35 125 Singly Compound TA-125 Form A-2
Singly 3300 10 1-10 10 126 Singly Compound TA-r25 Form A-2
Singly 600 3 1-20 20 125 Singly Shunt TA-125 Form A 2
Parallel 2300 13 1-40 40 60 Singly Compound TA-60 Form A-2
Singly 1040 11 1-4 4 125 Singly Shunt TA-125 Form A-2
Parallel 2080 PressureWires 3-4 12 125 Parallel Compound TA-125 Form A-2
Parallel 6600 9 2-25 50 125 Parallel Compound TA-125 Form A-2
Singly 600 1-10 10 125 Singly Compound TA-125 Form A-2
Parallel 600 2-45 90 125 Parallel Compound TA-125 Form A-2
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Name of Company
Rockin,s;ham Lt. & Pr. Co
Rocky Mt. Public Works
Public Works Co .
.
Lee Hosiery Mills
East Jordan Elec. Lt. & Pr. Co.
Houston Pr. & Ltg. Co
Binghamton Ry. Co
Cambridge Elec. Lt. Co
Union Pacific Coal Co
Frankford Arsenal Co
Frankford Elec. Co
C. A Hooper & Co
Lima Ry. & Lt Co
Newburyport Gas & Elec. Co
N. v.. New Haven & Hartford...
Stanley Elec. Mfg. Co
Martin Cantine Co
Sebasticook Pr. Co
.Shreveport (ias & Elec. Co
Tonawanda Pr. Co
Union Stock Yards
J. S. \'iies Elec. Co
Elgin, Chicago & .Aurora Ry. Co.
Munising Paper Co
Libbey Dingley Co
U. T. H. Co
East St. Louis Suburban Ry
Cons. Gem Mines Co
Hartford Elec. Lt. Co
Newport & Fall River St. Ry.
Voungstown Gas & Elec. Co.
Haynes, Jones & Gabury
Holyoke (;as& Elec. Co —
Shawnee Elec. Lt. & Pr. Co.
.
Municipal Lt. Hoard
Cloquet Elec. Co
Winona Ry. iS: Lt. Co
Waynesboro Lt. & Pr. Co.
Lincoln Traction Co
Muskogee Lt. & Pr. Co ...
Location
Portsmouth, N. H
Rocky Mts., N. C
Bangor, Me
Philadelphia, Pa
East Jordan, Mich
Houston, Tex
Binghamton, N. Y—
Cambridgeport, Mass.
Hanna, Wyo
Bridesburg:, Pa
Frankford, Pa
San Francisco, Cal
Lima, Ohio
Newburyport, Mass
Berlin, Conn
Pittsfield, Mass
.Saugerties, N. Y
Pittsfield, Me
Shreveport, Ala
North Tonawanda, N. V
Chicago, III
Middlesex, Vt
Batavia, 111
Munising, Mich
Lewiston, Me
Rugby, Eng
East St. Louis, 111
Idaho Sprgs., Colo
Hartford, Conn
Newport, R. I.
Youngstown, Ohio
Philadelphia, Pa
—
Holyoke, Mass
Shawnee, I. T
Hudson, Mass
Cloquet, Minn..
.
Winona, Minn. .
Waynesboro, Pa.
Lincoln, Neb—
Muskogee, I. T..
2-200
1-90
2-:i50
1-150
1-300
2-300, 2-C)00, 1-1500
1-150
1-500, 2-«00
2-100
1-250
4-75
1-200
1-250
1-150
2-840
l-,300
1-350
1-100, 2-300
1-500, 1-150
1-2(10
1-300, 1-210
1-GOO
2-rm, 1-150
2-750
1-500
1-420, 1-300
-100,1-50,1-200
2-875
2-500
Steam
Turbines
1-400, 1-300
1-1000, 2-GOO
1-150
2-350
2-200
1-250
1-133
1-500
2- 7.-., 3-ir>0
1 200
1-(!00
2
Single
3
3
3
3
Single
3
3
2
Mono-
cyclic
3
3
3
3
3
3
3
3
2
3
3
3
3
3
3
Single
3
Single
Single
3
2g
(10
400
60
GO 90
60 700
GO 150
60 300
60 3300
150
60
1700
60
GO 200
250
GO 300
60 200
GO 250
60 150
25 1700
bO 300
GO 350
60 700
60 G50
60 200
60 510
60 600
40 .500
GO 650
60 1500
25 ,500
CO 720
GO 350
60 1750
60 1000
60 3050
60 150
60 GOO
CO 400
60 250
60 l.i3
CO 500
60 750
m 200
CO 600
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rangement
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Exciter
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Shunt
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Parallel 2300 7 1-20, 1-10 30 125 60 Singly ShuntCompound TA-125 Form A-2
^>nigi> 2300 4 1-2J 'i 125 Singly Shunt TA-125 Form A-2 1
Parallel 6000 2-12i 25 125 Parallel Compound TA-125 Form A-2 1
Singly 220 1-4 4 125 Singly Shunt TA-125 Form A-2 1
2300 (J 1 12 7i 125 Singly Compound TA-125 Form A-2 1
Parallel 2300
2300
3 TA-125 Form A-2 1
Singly 3 l-4i 4i 125 Singly Compoimd TA-125 Form A-2 1
Parallel 2300 PressureWirpt; 10 1-35 35 Singly V'UllipU UllU TA-125 Form A-2 1
Parallel 1160 g 2—2^ 5 125 Parallel Shunt 1 A-125 roimA-2
Singly 220 3 2—30 60 125 Parallel Compound TA-125 Form A-2 '
Parallel 1150 11 1-51 51 125 Singly Compound TA-125 Form A-2
Singly 480 G 1-5* 54 125 Singly Compound TA-r25 Form A-2 1
Singly 2300 15 1-50 50 250 Singly Compound TA-250 Form A-2
Singly 2300 8 1-20 20 125 Singly Compound TA-125 Form A-2
Parallel 13200 5 2-35 70 125 Parallel Compound TA-125 Form A-2
Singly 2400 10 1-10 10 125 Singly Compound TA-125 Form A-2
Singly 480 1-9 9 125 Singly Shunt TA-125 Form A-2
Parallel 6C00 12 2-25 .50 125 Parallel Compound TA-125 Form A-2
Singly 1150 10 1-9 9 125 Singly Compound TA-125 Form A-2
JSingly 2300 12 1-64 64 125 Singly Compound TA-125 Form A-2
Parallel 2300 10 1-30 1-174 474 125 Singly Compound T.4-125 Form A 2 1
Singly 2500 12 1-8 8 125 Singly Compound TA ion rTni-m A1 n - i-o r orm /\—
z
Singly
Parallel
26400
600
Q 1-1 ?1T
( 1-42 1-35 1
' 1-30 ' 69
125
125
Singly
Singly
Compound
Shunt
J"A-125 Form A-2
TA-125 Form A-2
Parallel 10000 n 1-100 100 125 Singly Compound TA-125 Form A-2
Singly 2300 5 l-12i 124 125 Singly Compound TA-125 Form A-2 \
Singly 2300 8 1-174 174 125 Singly Compound TA-125 Form A-2 1
Singly 230O 1-100 100 125 Singly Compound TA-125 Form A-2
Parallel 450-560 12 2-30 60 125 Parallel Compound TA-125 Form A-2
Parallel 2300 8 1-30 30 125 Singly Compound TA-125 Form A-2
Parallel 2300 PressureWires 11 2-75 150 125 Singly Compound TA-125 Form A-2
Singly 220 2 1-9 9 125 Singly Compound TA-125 Form A-2
Parallel 2300 9 2-25 50 125 Parallel Compound TA-125 Form A-2
Singly 2300 10 2-4 8 60 Singly Shunt TA-60 Form D-2
Singly 11502300 8 1-11 11 125 Singly Compound TA-125 Form A-2
Singly 20S0
2300 10
1-9 9 125 Singly Compound TA-125 Form A-2
Singly 2300 8 1-20 20 125 Singly Compound TA-125 Form A-2
Parallel 2300 12 1-1.34 1.34 125 Singly Compound TA-125 Form A-2
Singly 2300 7 1-10 10 125 Singly Compound TA-125 Form A-2
Singly 2300 6 2-74 14 125 Singly Compound TA-125 Form A-2
GENERA L ELECTRIC COMPAN Y
4.35I-I4 Type TA Regulators for Altcruatiug Current Generators
ELEMENTARY CONNECTION OF TYPE TA REGULATOR FOR A SINGLE GENERATOR AND EXCITER
—OC Ma^n^t
-^c/at/ CGntacts
H—
for- Ai^ustfna
for" four ore 16 or3 f-n u/t t/o/o
BACK VIEW OF WIRING OF TA REGULATOR
GENERAL ELECTRIC COMPANY
Type TA Regulators for Alternating Current Generators 4351-1
Current Transfi
-Ma/n Corri. act 5
-D C Magrtet
C Magnet
-/fe/at/ Contact s
/te/cTy Magnet
COmpensat 'r>y
-/fe i/ers/r?^
Switch
Sxc/ier- ^^y\ ConaenSG'-
CONNECTIONS OF TYPE TA REGULATOR FOR ONE OR MORE GENERATORS USING ONE EXCITER
Cur/~&rrt.
Trtsnsfyfrry&n
A C.
Gorter-ator
Corttact,s
-A C Maanet
Contacts
\- 1-- - • -ffe^t^Magnet
COm/xnsatin^
Wina/n^
Condensor
Ccfua//z/n^ /?hGOStat
CONNECTIONS OF TYPE TA REGULATOR FOR SEVERAL GENERATORS AND A
NUMBER OF EXCITERS OPERATING IN PARALLEL
GENERAL ELECTRIC COMPANY
4351-16 Type TA Regulators for Alternating Current Generators
Current Transformer
Bus Sars
''Ma/n Contacts
'O C Magnet
--/\C Magnet.
-'/fG/ai^ Contains
/^s/aL/ Magnet.
--fc)r Adjust/ng
Campensat./ng
yv/n<^'ng
"
~^/fe vers/ng
Stv/tc/7
Conctenser
CONNECTIONS OF TWO OR MORE TYPE TA REGULATORS TO SEVERAL GENERATORS OPERATING
IN PARALLEL, WITH EACH EXCITER OPERATING SEPARATELY
CONDENSER TRIPOD SHOWING THREE CONDENSER SECTIONS IN POSITION
GENERAL ELECTRIC COMPANY
Type TA Regulators for Alternating Current Generators 4861-17
METHOD OF MOUNTING REGULATOR AT THE END OF THE
SWITCHBOARD ON RIGID IRON BRACKETS
GENERAL ELECTRIC COMPANY
.fi35l-18 Type TA Regulators for Alternating Current Generators
Information Blank for Type TA Form A Voltage Regulator for Alternating Current Generators
GENERAL ELECTRIC COMPANY
Schenectady, N. Y.
1. Capacity of each exciter
2. Number of exciters
3. Voltage of exciters Maker's name
4. Have the exciters field rheostats of sufficient range to lower the secondary AC voltage to about
40 volts, taking the normal secondary voltage to be 110? This would be when the alternating field rheostat is
all turned out and no load on AC generator
5. Give complete information as to how many exciters you have, and whether or not they are running
in parallel
6. What is the system, single-phase, two-phase, or three-phase?
7. Give capacity of each of the generators operating in parallel
8. Give number of generators operating in parallel
9. \'oltage of alternators Maker's name
10. Secondary voltage in station
1 1 . Cycles per second
12. For what percentage of line drop will it be necessary for the regulator to compensate to maintain
the desired voltage at center of distribution?
13. Give maximum current of circuit in which the current transformer will be inserted for com-
pensation of line loss
14. What is the power? If water, by what is the speed
regulated?
Further information
Date 190 Signature
Address
NoTP..—The information tilled for 011 this ljl.iril< should l)t fully ;ind carefully given.
HIank forms Mme as above will Ik furnished on application.

GENERAL ELECTRIC COMPANY
PRINCIPAL OFFICES, SCHENECTADY, N. Y
SALES OFFICES:
BOSTON, MASS., 84 State Street.
NEW YORK, N. Y., 44 Broad Street.
Syracuse, N. Y., Sedgwick, Andrews & Kennedy Bldg.
BUFFALO,'N. Y., EUicott Square Building.
PHILADELPHIA, PA., 218-226 South Eleventh Street.
Baltimore, Md., Continental Trust Building.
Pittsburg, Pa., Park Building.
ATLANTA, GA., Empire Building.
New Orleans, La., 1001-1003 Hennen Building.
CINCINNATI, OHIO, Perin Bldg., Fifth and Race Sts.
Cleveland, Ohio, Citizens Building.
Columbus, Ohio, Hayden Building.
Nashville, Tenn., Room 22, Cole Building.
CHICAGO, ILL., Monadnock Building.
Detroit, Mich., 1434- 36 Majestic Building.
St. Louis, Mo., Wainwright Building.
Oklahoma City, Okla., 408 Culbertson Building.
Dallas, Texas, Scollard Building.
Helena, Montana, Power Block.
Minneapolis, Minn., Phoenix Building.
DENVER, COLO., Kittredge Building.
Salt^Lake City, Utah, 25 East First South Street.
SAN FRANCISCO, CAL., Crossley Building.
Los'Angeles, Cal., Douglas Building.
Portland, Ore., Worcester Building.
FOREIGN:
Foreign Department,
Schenectady, N. Y., and 44 Broad St., New York, N. Y.
London Office,
83 Cannon Street, London, E. C, England.
For all Canadian Business,
Canadian General Electric Company, Ltd.,
Toronto, Ontario.
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